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Abstract 


This  book  describes  briefly  the  construction  and  principles  of  operation 
of  aviation  gas  turbine  engines,  their  assemblies  and  friction  points,  and 
also  the  oil  systems.  Operating  conditions  cf  lubricants  In  these  engines 
are  discussed,  as  are  the  functions  of  oils  as  lubricating  materials,  the 
functions  of  operating  liquids  and  cooling  agents;  technical  specifications 
required  of  lubricants  are  discussed. 

Questions  are  discussed  related  to  the  assortment  and  quality  of  oils 
currently  «--oloyed  for  aviation  gas  turbine  engines  and  the  requirements  for 
oils  of  the  near  future. 

Methods  are  described  for  obtaining  from  petroleum  and  synthetics  high- 
quality  oils  which  poaaess  high  antioxidation,  viscosity-temperature,  anti¬ 
wear  and  other  properties. 

Information  Is  presented  concerning  additives  which  Improve  the  oper¬ 
ational  properties  of  oils  for  aviation  gas  turbine  engines.  Domestic  and 
foreign  methods  of  Investigating  and  testing  oils  under  laboratory  condi¬ 
tions,  and  also  In  special  stands  and  devices  are  systematized  and  described. 

This  book  Is  intended  for  specialists  associated  with  the  construction 
and  operation  of  aviation  gas  turbine  engines,  for  petroleum  engineers  and 
chemists  who  are  Involved  In  the  processing  and  preparation  of  the  oils 
Indicated  and  additives  for  them,  and  also  for  students  of  aviation  and 
petro'.jm  Institutes  and  technical  schools. 

The  book  contains  91  tables,  43  drawings,  and  200  bibliographical 
references. 
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I 

Introduction 

Ths  Inst  decs dec  have  been  narked  by  Che  rapid  growth  of  jet  aviation, 
which  In  a  short  l~l-.  :is<?  occupied  a  leading  place  in  contemporary  aviation 
technology.  The  successful  development  of  this  type  of  aviation  was  caused 
by  the  development  and  application  of  aviation  gas  turbine  engines  (AGTD), 
which  have  facilitated  the  high  speeds  of  contemporary  aircraft  and  the 
significant  altitude  of  their  flights.  Thus  In  foreign  aviation  aircraft 
speeds  have  achieved  Mach  31  with  a  ceiling  of  30  km  and  above.  The  first 
planned  and  constructed  supersonic  passenger  aircraft  of  types  including  the 
domestic  IU-144  liner  or  the  foreign  "Concord"  aircraft  are  designed  for 
speeds  to  2500  km/hr  at  a  celling  of  25-  30  km  and  a  nonstop  flight  distance 
of  the  order  of  6500  km. 

In  comparison  with  piston  aviation  engines,  the  AGTD  have  a  number  of 
operating  advantages.  Including  greater  power  in  thrust  with  relatively  less 
weight  and  dimensions.  This  has  facilitated  the  wide  employment  of  the  AGDT 
In  aviation  technology.  In  high-speed,  supersonic  aviation,  power-boosted 
turbojet  engines  (TRD)  are  employed,  the  operating  conditions  cf  which  are 
characterised  by  high  temperatures  and  heavy  loads  on  the  operating  parts  of 
the  engines.  In  heavier  aircraft,  designed  for  long-distance  flights  at 
subsonic  speeds,  turboprop  engines  (TVD)  are  Installed  in  whlu?  che  thermal 
stress  Is  less  than  In  the  TRD,  but  greeter  than  In  aviation  platon  engines. 

For  contemporary  ACTD  stable,  high-quality  lubricants  are  required  which 
are  capable  of  an  extended  period  of  operation  In  these  engines  at  high 
temperatures  without  significant  deterioration  in  quality.  Thus  according 
to  foreign  data,  lubricants  for  thermally  stressed  TRD  must  be  stable  at 
175-200*C;  oils  for  TRD  of  the  near  future  must  be  capable  of  operation  to 
temperatures  of  2S0*C  and  higher,  in  this  connection  a  great  deal 'of  work 
has  been  aeowplltuH  recently  devoted  to  the  development  of  such  oils  on  the 
basla  of  petroleum  and  synthetic  products.  However,  notwithstanding  this, 
the  quality  of  lubricants  for  ACTD  still  does  not  correspond  to  all  the 
requirements  eatabllshsd  for  it,  which  In  a  number  of  cases  Interferes  with 
increasing  engine  resources  and  the  perfection  of  newly  developed  engines. 

‘See  p.  3 
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Therefore  the  problem  of  developing  high-quality  lubricants  for  AGTD  ie  quite 
pressing.  In  the  USSR,  as  in  other  countries,  It  is  closely  associated  with 
increasing  the  reliability  and  lengthening  the  life  of  the  AGTD,  which  is  an 
Important  economic  problem. 

In  compaction  with  the  Increased  requirements  applied  to  lubricants  for 
the  ACTD,  the  majority  of  methods  previously  applied  in  the  investigation  of 
the  quality  of  turbojet  oils,  especially  synthetic  ones,  proved  to  be 
unsuitable.  Therefore  at  the  present  time  both  la  the  USSR  and  abroad  a 
great  deal  of  attention  is  being  devoted  to  the  development  of  new  laboratory 
and  static  methods  of  evaluating  the  physicochemical  and  operating  properties 
of  these  oils. 

In  connection  with  what  has  been  stated,  the  necessity  arose  to  general¬ 
ise  and  systematize  doaMStic  and  foreign  materials  available  on  the  problems 
of  development,  investigation  of  quality  and  the  application  of  petroleum  and 
synthetic  oils  for  the  AGTD. 

Continuously  developing  Jet  aviation  may  be  provided  with  the  required 
high-quality  lubricanta  more  quickly  with  the  combined  work  of  deslgnere  and 
specialists  who  develop  and  apply  lubricants  for  ACTD.  Therefore  probltmu  in 
the  development  and  improvement  of  lubricating  oil  quality  are  examined  in 
this  book  in  close  connection  with  the  conditions  of  their  exploitation  in 
theae  engines. 


PTD-HC-23-1296-68 


-  2  - 


Footnotes 

1.  To  p.l.  The  Mach  number  ie  the  ratio  of  the  speed  of  flight  of  a  device 
to  the  speed  of  sound,  equal  to  1194.5  ka/hr  at  0*C  and  atmospheric 
pressure e 
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CHAPTER  ONE 

A  SHORT  SURVEY  OF  THE  TYPES  OF  AVIATION  GAS  TURBINE  ENGINES, 

THEIR  CONSTRUCTION  CHARACTERISTICS  AND  CONDITIONS  OF  OPERATION 

Turbojet  end  Turboprop  Engines 

Jet  engines  ere  the  beee  of  the  power  lnetelletlone  of  contemporary 
flying  epperatue;  they  can  be  divided  Into  two  classes  according  to  the 
principle  of  obtaining  the  operating  alxture,  which  Include  rocket  and  air- 
breathing  engines  (VRD) . 

A  special  oxldlxer  Is  employed  In  rocket  engines  for  fuel  coabustlon. 
According  to  the  type  of  fuel  employed,  these  engines  are  'lvlded  Into 
liquid-fuel  engines  and  solid-fuel  engines.  Rocket  engines  have  no  special 
lubricant  system  and  will  not  be  discussed  further 

As  a  source  of  oxygen  air-breathing  engines  employ  air,  which  Is 
c oppressed  upon  passing  Into  the  engine  and  Is  then  directed  to  the  dumber 
where  coabustlon  nf  the  operating  alxture  occurs  [1-3], 

.  Depending  on  the  aethod  of  Increasing  the  air  pressure,  >/RD  are  divided 
Into  coapressor  end  noncoapreseor  engines.  The  letter,  which  have  no  turbo- 
coapressor  assesbly  (raa  Jets  and  pulse  jets)  end  special  lubrication  syeteas, 
are  also  not  ex  Mined  further.  In  turn,  aviation  gee  turbine  engines  (ACTD) 
which  have  turbocoapresaor  assemblies  ere  divided  into  turboprop  (TVD)  and 
turbojet  (TRD)  engines.  The  principal  difference  between  the  turboprop  and 
the  turbojet  engines  Is  the  pretence  of  the  air  screw  end  the  reducer,  which 
reduces  the  n usher  of  revolutions  froa  the  gas  turbine  shaft  to  the  air  screw 

IA-5]. 

Axial  or  centrifugal  compressors  ere  employed  in  the  ACTD  to  coapress 
the  entering  sir;  engines  with  axial  coapreesora,  which  have  eaaller  dimen¬ 
sions,  ere  the  aoat  widely  employed.  A  diagram  of  e  contemporary  TRD  with  an 
axial  coapressor  Is  shown  In  Figure  1  {6}.  Thu  operating  principle  of  the 
TRD  ie  as  follows.  Ataoepherle  air  (aee  Figure  1)  enters  through  the  Input 
part  (1)  of  the  engine  for  compression  In  coapressor  (2).  The  air, 

-  *  - 
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compressed  to  the  required  pressure,  is  directed  to  combustion  chamber  (3), 
to  which  atomised  fuel  is  simultaneously  directed  through  the  Injectors. 
Cases  which  form  in  the  process  of  combustion  pass  from  chamber  (3)  to 
turbine  blades  (4),  cause  the  turbine  to  rotate  and  then  pass  into  after¬ 
burner  (5).  The  purpose  of  the  afterburner  is  to  furnish  a  short-duration 
increase  in  engine  thrust,  achieved  by  burning  in  the  chamber  su-  lementary 
quantities  of  fuel.  Expanding  in  reaction  nozzle  (6),  the  gases  escape  into 
the  atmosphere  with  great  force  and  create  a  reactive  thrust  [7-8].  An 
external  view  of  a  TKD  with  an  axial  compressor  is  shown  In  Figure  2. 


Figure  1.  Diagram  of  a  TED  with  an  axial  compressor:  1,  Input 
part  of  the  engine;  2,  Axial  compressor;  3,  Combustion  chamber; 
4,  Turbine;  3,  Afterburner;  6,  Enaction  nozzle 


In  the  TKD  the  gee  turbine  serves  to  rotate  the  compreasor  and  to  set  in 
motion  a  large  number  of  different  assemblies.  In  the  TVD  the  gas  turbine, 
in  addition,  rotates  the  air  screw  and  therefore  must  develop  higher  power 
then  in  the  TKD.  A  diagram  of  the  TVD  is  shown  in  Figure  3. 

Thrust  in  the  TVD  is  created  basically  by  means  of  the  air  screw  end 
exceeds  the  thrust  of  the  dlreet  reaction  of  the  gases  by  7-10  times; 
the  fraction  of  power  expended  on  the  rotation  of  the  air  screw  and  on 
reactive  thrust  depends  on  the  speed  of  the  aircraft. 


-  5  - 
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Flgura  3.  The  fundamental  design  of  the  TVD:  1,  Air  screw; 
2,  Reducer;  3,  Compressor;  4,  Coabustion  chamber;  5,  Turbine; 
6,  Reaction  nozzle 


In  a  contemporary  TVD  the  ninbet  of  revolutions  of  the  turbocoapreenor 
assembly  la  from  7000  to  18,000  per  alnute,  whereas  the  air  screw.  In  order 
to  obtain  awxlmum  efficiency  at  the  design  flight  condition,  auat  rotate  with 
a  speed  of  750  to  1500  rpa.  Therefore  la  order  to  reduce  the  number  of 
revolutions  transmitted  froa  the  turbo coapressor  shaft  of  the  TVD  to  the 
screw,  special  reducers  are  employed.  These  reducers  ars  high- load  systeas, 
characterized  by  a  coaplex  kinematic  diagram,  small  dimensions  and  low 
weight,  end  by  high  efficiency. 


In  order  to  provide  for  reliability  in  operation  and  to  reduce  wear  of 
the  gears  In  the  reducers,  It  la  necessary  to  amploy  oils  which  possess  high 
lubricating  capability. 


An  overall  view  of  the  TVD  Is  shown  In  Figure  4  and  diagrams  of 
different  reducers  are  shown  in  Figures  5-7. 


Graphic  Not 
Reproducible 


Figure  4.  An  overall  view  of  the  TVD  with  an  axial  coapressor 
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Figure  5.  Diagram  of  a  simple  reducer  for  a  single  screw  drive: 
*1#  *2,  a,  ara  gaara. 


[I.'ES 


Figure  6.  Diagram  of  a  planetary  raducar  for  a  single  screw 
drive:  1,  Driving  gear;  2,  Satellite  gear;  3,  Stationary  gear 

In  the  AGTD  the  basic  assemblies  and  friction  points  which  require 
lubrication  era  the  ball  and  rollar  bearings  of  the  turbocompressor  assembly; 
the  raducar  gear  of  the  power  takeoff;  drive  gears  of  assemblies  operating  at 
high  rpm;  slotted  shaft  couplings,  and  In  the  TVD,  in  addition,  there  are 
also  the  gears  of  the  raducar.  A  representation  of  the  number  of  lubricated 
gears  in  ehe  drive  assemblies  alone  of  a  TID  with  an  axial  compressor  Is 
shown  In  Figure  8. 


Figure  7.  Megra*  of  a  differencial  reducer:  1,  Satellite 
carrier;  2,  Driving  gear;  3,  Satellite  gear;  4,  Gear  with  Internal 
toothing;  5,  7,  Caere;  6,  Idle  gear;  8,  Screw  shaft 


Figure  8.  A  klnenatlc  dlagran  of  the  drive  assanblles  cf  a 
turbojet  engine  with  en  axial  coepreaaor:  1,  Booeter  puep  drive; 

2,  Centrifugal  valve  drive;  3,  Fuel  puap  drive;  4,  Hydropunp 
drive;  5,  Friction  coupling;  6,  toiler  coupling;  7,  Turbo compressor 
ehaft;  8,  011  aaaenbly  drive;  9,  Fuel  puep  drive;  10,  011  punp 
(exhaust);  11,  Connecting  coupling;  12,  Starter-generator  drive; 

13,  tatchet  coupling;  14,  Spring;  13,  Drive  shaft;  16,  Centrifugal 
breather 

The  hlgh-rpn  turboconpreaaor  presents  the  wet  rigid  requlrmeents  for 
quality  In  the  oil  eaployed  (starting  and  antloxldatloo  properties). 


Oil  Systems 

Lubricating  oil  in  the  AGTD  reduces  friction  and  wear  on  parts  and 
assemblies,  removes  heat  from  them,  prevents  the  appearance  of  corrosion  and 
galling  (hardening),  removes  hard  impurities  and  particles  which  appear 
between  rubbing  parts.  In  some  TRD  oil  serves  as  an  operating  liquid  (auto¬ 
matic  and  control  systems)  and  Is  employed  in  servomechanisms  (9). 
Structurally  the  AGTD  oil  systems  are  constructed  accordingly.  With  low  oil 
consumption  the  AGTD  lubrication  jystem,  air  tight,  compact  and  displaying  a 
low  hydraulic  reaistanca,  must  reliably  provide  for  lubrication  of  the  engine 
in  any  position  of  the  aircraft  and  under  any  external  conditions,  including 
first  of  all  temperature  and  pressure.  Bearings  under  load,  which  are  the 
most  important,  and  also  toothed  and  slotted  couplings  are  subject  to  forced 
lubrication  ier  pressure,  which  is  provided  by  means  of  centrifugal  or  jet 
injectors.  The  remaining  friction  parts  are  lubricated  by  an  oil  spray, 
which  is  applied  to  rotating  parts  and  which  forms  an  oil  mist. 

In  order  to  reduce  the  length  of  time  the  oil  stays  in  the  engine  (with 
the  aim  of  reducing  heating,  air  saturation,  and  reducing  contact  time  with 
metal),  AGTD  oil  systems  operate  in  accordance  with  the  dry  sump  principle: 
after  lubrication  the  oil  is  not  accumulated  in  settling  tanks  in  the  engine 
housing,  but  is  Immediately  pumped  into  an  oil  tank  or  into  a  main  line  for 
filtration,  cooling  and  other  operations. 

Contemporary  AGTD  practice  is  to  employ  circulating  closed  (single- 
circuit  or  duel-circuit),  open  and  combination  lubrication  systems  (11-12). 
The  lubrication  system  design  has  a  significant  Influence  on  the  maximum 
ceiling  of  a  jet  aircraft.  With  an  Increase  in  altitude,  oil  foaming  in  the 
lubrication  system  increases;  the  oil  pump  output  is  reduced  and  as  a 
result  oil  pressure  in  the  system  falls  and  engine  lubrication  Is  disrupted. 
Teats  abroad  have  revealed  that  in  high-altitude  flights  the  closed-circuit 
oil  circulating  system  is  the  most  reliable  —  it  provides  for  the  required 
engine  lubrication  to  altitudes  of  30  km  and  above. 

The  most  economical  end  structurally  simple  single-circuit  closed 
lubrication  system,  where  the  oil  continuously  and  repeatedly  circulates 
through  a  closed  system,  la  the  tenk-englne-tank  system.  The  open  system  of 
-lubrication  is  usually  employed  in  single-use  engines,  in  which  the  oil  is 


only  used  once.  Such  systems  are  very  simple  end  Che  oil  in  these  systems 
after  a  single  use  is  discarded  to  the  atmosphere.  In  high-temperature  TRD 
in  a  number  of  cases  open  systems  are  employed  for  the  lubrication  and 
cooling  of  the  most  highly  stressed  bearings,  where  the  oil  undergoes 
signlficaut  changes;  after  a  single  lubrication  the  oil  is  also  discharged 
from  the  engine  to  the  atmosphere.  Parts  and  bearings  heated  to  a  leaser 
degree  are  serviced  by  the  usual  closed  system.  Such  oil  systems  are  called 
combined  systems. 

Notwithstanding  diverse  AGTD  designs,  their  lubrication  systems  are  for 
the  most  part  standard  and  consists  of  assemblies  which  are  similar  in 
purpose. 


AGTD  lubrication  systems  usually  include  the  following  elements:  the 
oil  tank,  oil  radiator,  oil  pumps,  oil  filters,  the  air  separator,  reduction 
valve,  shut-off  valves,  oil  Injectors,  the  oil  line  and  devices  for  the 
control  of  oil  temperature  and  pressure.  A  typical  diagram  of  a  closed 


Figure  9.  Diagram  of  TRD  lubrication  system:  1,  Oil  tank;  2,  Turbine 
bearing;  3,  A,  Front  and  rear  coa^reseor  bearings,  respectively; 

3,  A,  7,  Pimping  out  stages  of  oil  pump;  8,  Centrifugal  breather; 

9,  20,  Flpelinea;  10,  Two-speed  drive;  11,  Assembly  housing; 

12,  14,  21,  Channels;  13,  Cengrlfugal  valve;  IS,  Pressure  oil  piaep; 

16,  Reduction  valve;  17,  Safety  valve;  18,  Flne-cleenlng  filter; 

19,  Check  valve;  22,  Valve;  23,  Fuel-oil  radiator 


Proa  oil  tank  (1)  oil  passes  through  oil  line  (14)  to  pressure  pump  (IS) 
(which  ia  part  of  the  engine  oil  assembly) ,  than  paeses  through  fine-cleaning 
filter  (18)  which  la  situated  in  the  line  and  enters  the  cavity  in  the  cover 
of  the  oil  asseably.  When  a  specified  pressure  is  exceeded  in  the  main  oil 
line,  the  reduction  valve  passes  oil  to  the  input  of  puap  (IS)  and  when 
filter  (18)  la  clogged  the  oil  bypasses  the  filter  and  passes  through 
valve  (17)  to  the  engine  main  oil  line.  Proa  the  oil  assembly  the  bulk  of 
the  oi?  <  eases  through  check  valve  (19)  (which  does  not  permit  oil  to  flow 
from  the  tank  to  the  main  oil  line  with  a  nonoperating  engine)  and  is 
directed  under  pressure  to  the  a sin  oil  channel  of  the  assembly  housing. 

Part  of  the  oil  from  the  houeing  cover  cavity  of  these  asseaiblies  goes  to 
centrifugal  valve  (13)  and  to  an  electromagnetic  valve. 

Proa  the  aain  oil  channel  of  the  asseably  housing  oil  passes  along  pipe¬ 
line  (20)  in  several  directions  through  a  tee  in  order  to  lubricate  the 
following  friction  points:  the  nose  at  the  front  compressor  housing  and 
front  compressor  bearing  (4);  assembly  housing  (11)  and  two-speed  drive  (10); 
rear  compressor  bearing  (3)  and  turbine  bearing  (2). 

All  rotating  parts  and  points  of  the  housing  for  the  assemblies,  the 
two-speed  drive,  end  the  nose  of  the  front  compressor  housing  ere  lubricated 
under  pressure;  the  front  and  rear  bearings  of  the  compressor  (4)  and  (3)  and 
also  turbine  bearing  (2)  are  lubricated  by  oil  under  pressure  through 
injectors  with  special  jets.  Individual  gears  are  lubricated  by  laying. 

Depleted  oil  from  rear  compressor  bearing  (3)  and  turbine  bearing  (2)  is 
gathered  in  settling  tanks  and  is  then  pumped  from  the  tanka  by  two  stages 
(5)  and  (7)  of  the  oil  pumps  through  pipeline  (9)  into  fuel-oil  radiator  (23) 
for  cooling.  Oil  is  pumpeu  to  this  location  through  pipeline  (9)  froa 
pumping-out  stage  (8)  of  the  oil  puap  from  the  housing  of  the  assemblies, 
from  the  nose  of  the  front  compressor  housing  and  froa  front  compressor 
bearing  (4)  (the  oil  settling  tank  of  the  front  compressor  housing). 

The  oil  is  cooled  in  fuel-oil  radiator  (23)  as  a  result  of  heat  transfer 
to  fuel  passing  through  the  pipes,  and  in  addition  partial  separation  of  air 
froa  the  oil  also  occurs  hers.  At  increased  hydraulic  pressure  in  the 
radiator,  valve  (22)  bypasses  oil  from  ths  input  main  line  to  the  output. 
Cooled  and  elaaned  oil  from  the  radiator  passes  into  oil  tank  (1).  It  should 
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b«  pointed  out  that  the  preeence  of  en  oil  redletor  In  the  lubrlcetlon  system 
of  e  contemporary  ACTD  ie  not  always  obligatory. 

The  cavities  of  both  compressor  bearings  and  of  the  turbine  bearing  are 
connected  by  breather  (b)  to  channel  (21).  and  the  oil  tank  cavity,  by 
channel  (12).  Air  axtracted  fron  the  oil  le  vented  to  the  atmosphere. 

In  many  ACTD  designs,  a  closed  systea  of  lubrication  Is  employed  In 
which  the  lubricating  oil,  bypassing  the  oil  tank  of  the  aircraft,  circulates 
in  a  closed  circuit.  In  this  case  the  purpose  of  the  oil  tank  is  to  refill 
continuously  to  the  normal  level  to  compensate  for  oil  losses  in  the  engine 
systea  caused  by  penetration  of  oil  through  the  labyrinth  seals,  carrying 
this  oil  off  through  the  breathing  systea,  and  'Iso  to  compensate  for 
evaporation. 

The  lubrication  systea  for  the  domestically  produced  TVD  AT-20A 
(Figure  10)  aay  serve  as  an  example  of  a  short-circuit  eye t am  of  lubrication. 
Lubrication  Is  accomplished  by  tha  following  manner  In  this  engine.  Oil  from 
the  pressure  section  (12)  of  the  oil  pump  passes  through  filter  0.0)  and 
enters  the  oil  systea:  1)  in  order  to  lubricate  tha  reducer  and  its  parts; 

2)  In  order  to  lubricate  the  rotor  turbine  bearings  (3),  assemblies  and  their 
shafts,  and  also  as  an  operating  liquid  for  such  assemblies  as  the  airscrew 
speed  regulator,  the  coanand-fuel  assembly,  etc. 

Depleted  oil  from  the  drive  shaft  housing  of  the  aircraft  assemblies  la 
evacuated  by  pump  (13)  to  oil  pan  (17),  which  Is  situated  In  the  lower  part 
of  the  front  compressor  bearing  housing.  The  oil  appears  here  by  gravity 
flow  from  the  reducer,  tha  front  compressor  bearing  and  tha  central  drive 
housing.  The  oil  la  evacuated  from  the  cavities  of  the  front  compressor 
bearing  and  the  turbine  bearing  by  two  sections  (19)  of  the  oil  puaq>  and  is 
directed  to  the  centrifugal  air  separator  (21),  which  also  receives  oil  from 
oil  pan  (17).  After  removal  of  the  air  the  oil  Is  cooled  in  air-oil 
radiator  (22)  and  Is  again  directed  to  pressure  section  (12)  of  the  oil  pump. 

Loss  of  oil  In  tha  oil  system  Is  replenished  by  oil  delivery  from  the 
oil  tank  by  smena  of  additional  supply  piap  (14)  until  restoration  of  the 
specified  value  of  oil  pressure  at  the  Input  .o  the  pressure  oil  pump. 
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Figure  10.  Diagram  of  Che  TFC  AI-20A  lubrication  system:  1,  011 
teak  breather;  2,  Oil  tank;  3,  Bearings;  4,  Breather  pipes; 

5,  rpm  regulator;  6,  Centrifugal  breather;  7,  Central  drive 
breather;  8,  Torque  meter  oil  piasp;  9,  Manometer  to  measure  oil 
preaaura;  10,  Fine-cleaning  oil  filter;  11,  Reduction  valves; 

12,  Pressure  aectlon  of  the  oil  pump;  13,  Check  val  *ea; 

14,  Additional  supply  pump;  15,  Evacuating  oil  puap:  16,  Drive 
aseaafcly  casing;  17,  011  pan;  18,  Command-fuel  assembly; 

19,  Evacuating  aectlon  of  the  oil  pump;  20,  Coarse-cleaning  oil 
filter;  21,  Air  separator;  22,  Air-oil  radiator 


Breathing  of  the  oil  cavities  of  the  front  bearing  housing  and  the 
central  drive  Is  accomplished  through  the  oil  tank,  and  breathing  of  the 
cavities  of  the  rear  compressor  bearing  and  the  turbine  bearing  Is  accom¬ 
plished  through  centrifugal  brecther  (6). 


We  have  described  above  only  a  few  typical  TRD  and  TVD  oil  systems. 
Other  versions  also  exist;  nevertheless  the  description  given  gives  a 
sufficiently  dear  representation  of  the  operating  fundamentals  of  the 
systems  and  of  the  methods  of  cleaning  working  lubricating  oil  In  an  engine 
(filtration,  air  separation,  cooling,  etc.)  [13]. 

In  engine  friction  points  and  In  the  oil  system  the  properties  of  the 
oil  employed  change  during  the  operating  process.  It  Is  possible  to  make  a 
judgment  concerning  these  conditions  (an  Increase  in  viscosity,  a  deterior¬ 
ation  of  thermal  oxidation  stability,  etc.)  according  to  the  condition  of 
Individual  assemblies  of  the  oil  system  without  disassembly  of  the  engine. 


Thus  oil  foaming  may  be  Judged  by  operation  of  the  oil  pimps  and  the 
pressure  which  they  create;  the  cleanliness  of  filter  elements  within  the  oil 
filters  Indicates  the  degree  of  oxidation  of  the  working  oil,  etc. 

Basic  Oil  System  Assemblies,  the  Influence  of  Operating  Conditions 

on  Oil  Quality 

Oil  Fungs 

Gear  pumps  are  used  to  deliver  oil  under  pressure  to  rubbing  parts  and 

to  evacuate  oil  from  them;  pump  output  attains  values  of  350  t/mln.  An  oil 

pump  consists  of  a  pressure  and  several  evacuating  sections,  and  the 

evacuating  sections  must  have  two-three  times  greater  output  than  the 

pressure  sections.  This  la  explained  by  the  fact  that  foaming  oil  reaches 

the  evacuating  sections,  and  this  oil  haa  a  large  volume  due  to  air  content. 

The  output  of  pressure  oil  pjapa  is  usually  two-three  times  higher  than 

required,  which  Is  necessary  in  order  to  provide  normal  oil  delivery  to 

rubbing  points  at  an  altitude  at  which  the  output  of  the  pump  decreases.  In 

7 

ACTD  oil  ayatema  a  specifically  established  pressure  of  3.5  to  5  kg/cm  Is 
maintained  by  means  of  a  special  reduction  valve  Installed  In  the  main  oil 
line.  Therefore  In  evaluating  the  possibility  of  oil  foaming  and  vapor¬ 
isation  In  the  process  of  operation  In  an  engine  It  la  not  necessary  to 
examine  the  entire  oil  system  or  the  oil  line,  but  the  Individual  assemblies 
(for  example,  the  oil  tank)  of  the  oil  system  and  those  parts  which  are 
lubricated  by  means  of  spraying. 

Oil  Filters 

Oil  system  filters  are  designed  for  cleaning  from  the  oil  harmful 
Impurities  and  contaminants  —  metal  particles  (products  of  wear  of  rubbing 
parts),  dirt  and  gummy  substances  and  also  hard  particles  which  are  products 
of  Intensive  oil  oxidation  during  extended  operation  In  an  engine. 

In  practice  It  Is  possible  to  Judge  from  the  deposits  on  the  filter 
screen  not  only  the  encl-wcar  properties  of  the  oil,  but  also  its  capability 
to  resist  oxidation. 

Oil  filters  are  employed  In  pressure  and  In  evacuation  lines.  In  a 
pressure  main  line,  a  low-pressure  filter  la  installed  before  the  pump,  and  a 
h'gh-preasure  filter  le  installed  after  the  pimp.  In  an  evacuation  line 


filters  nay  alao  ba  i natal lad  both  bafora  and  after  the  pimp.  A  diagram  of 
an  oil  filter  la  shown  In  Figure  11. 


Figure  11.  A  diagram  of  a  disk- strainer  oil  filter:  1,  Housing; 

2.  Safety  valve;  3,  Frame;  4,  Coupling  bolt;  5,  Place  to  aeasure 

preaaure;  6,  Filtering  disks;  7,  Filter  caver;  8,  Shut-off  valve; 

9.  Main  line  oil  exit  from  the  filter 

The  nost  widely  employed  filters  in  on  AGTD  are  disk-strainer  filters; 
the  fundamental  operating  parts  —  the  filtering  elements  —  are  disks  of 
brasa  or  steel  wire  with  the  number  of  cells  ranging  from  225  to  5000  per 
1  cm2.  The  disks  are  coated  on  a  hollow  frame. 

The  oil  enters  the  filter  and  fills  the  annular  cavity  which  i8 
situated  around  the  filtering  element,  passes  through  the  strainers,  is 
filtered  and  paaaea  through  the  frame  to  the  oil  line.  Filtered  impurities 
remain  on  the  surface  of  the  screens  spj  nay  be  evaluated  quantitatively  and 
qualitatively.  The  filtering  element  ia  usually  washed  in  gasoline.  The 
filter  may  be  removed  without  spilling  any  oil  by  removing  the  filter  cover. 

In  order  to  prevent  rupture  of  the  filter  screen  when  the  oil  filter  is 
clogged  with  deposits,  it  is  equipped  with  a  safety  valve.  The  permissible 
pressure  on  the  filter  is  from  1.3  to  1.5  kg/cm2. 

the  Air  Separator 

One  of  the  basic  asaasblles  of  the  AGTD  oil  eye  tea  la  the  air  separator, 
idtich  is  installed  in  order  to  eliminate  gases  from  the  oil. 
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It  la  known  that  foaalng  oil,  saturated  with  gas,  has  a  large  volune; 
this  reduces  tha  output  of  oil  pimps  and  the  praasura  In  the  oil  aysten  and 
In  the  final  analysis  asy  disrupt  normal  lubrication  of  rubbing  parts  In  the 
engine.  Foanlng  oil  has  reduced  themal  conductivity  and  shows  degraded 
performance  In  reaovlng  heat  froa  hot  engine  parts.  In  addlton,  It  la 
cooled  unsatisfactorily  In  the  radiator,  aa  a  result  of  which  the  overall  oil 
temperature  nay  rise,  and  this  in  turn  will  cause  a  deterioration  In  heat 
rsnoval  froa  engine  parts. 

Due  to  tha  large  amount  of  oil  pusped  through  tha  systaa  end  the 
significant  gas  content,  the  air  separator  mist  have  a  high  output.  There¬ 
fore  It  is  advantageous  to  employ  centrifugal  air  saparatora  In  the  AGTD, 
which  operate  on  the  principle  of  a  centrifuge. 

The  basic  operating  element  of  a  centrifugal  air  separator  Is  a  rotating 
rotor,  consisting  of  a  shaft  with  a  vane,  which  la  placed  In  a  special 
housing  with  cavities.  Oil  Is  delivered  by  the  evacuation  pimp  through  one 
of  the  cavities  of  the  housing  and  strikes  the  outside  of  the  air  separator 
rotor,  and  under  the  Influence  of  centrifugal  fores  la  thrown  to  the 
periphery;  froa  here  the  oil  exits  through  another  cavity  to  the  oil  line  and 
then  passes  to  the  oil  radiator.  Air  r amoved  from  the  center  of  the  rotor 
through  an  annular  cavity  la  directed  to  the  air  apace  of  the  oil  tank.  A 
diagram  of  a  centrifugal  air  separator  la  shown  in  Figure  12. 


Oil  Inlectors 

Oil  is  msasursd  and  delivered  In  aprey  form  to  turbo  compressor  assembly 
bearings  In  the  AGTD  by  means  of  centrifugal  or  Jet  Injectors.  In  a 
centrifugal  oil  Injector,  oil  under  tha  praasura  of  tha  praasura  pump 
paasea  through  a  screen  and  through  a  spiral  channel  of  tha  sprayer  shaft 
(where  the  Jet  Is  twisted)  and  strikes  the  calibrated  opening  of  the  lpjector 
ho  using  and  la  sprayed  on  tha  bearing.  A  shortcoming  of  lnjactors  of  this 
type  is  saturation  of  th*  oil  spray  with  air,  aa  a  result  of  which  heat 
removal  from  the  bearing  deteriorates.  Therefore  the  moat  widely  employed 
jet  Injectors  which  are  simple  In  design  are  pipes  with  calibrated  apertures 
with  e  diameter  of  1-1.3  me,  from  whieh  tha  lubricating  oil  la  directed  to 
the  bearing  in  the  form  of  a  sprayed  Jet  under  pressure. 


air  exit'*  -' 


Wh«  Product,  of  intensive  oxid.tior  ^ppe.r  in  the  lubricating  oil  l„ 
the  form  of  soft  and  .bra.lv.  dcpo.lt.,  th.  injectors  are  often  coked,  „  , 
result  of  which  oil  delivery  to  th«  bearing  1.  routed.  This  may  ie.d  to 
burning  of  b.11  or  roller  b.«ring.  .„d  to  their  failure. 

Tha  P«.M.  of  oil  through  injector.,  re*>ved  after  engine  operation,  i, 

“  7  checked  on  ep.ci.1  puling  .t«nd.;  «  reduction  in  oil  flow,  i„ 

comp.ri.on  with  authorised  .pacification.,  indicate,  a  shortcoming  in  ita 
thermal  oxidation  .tabillty,  A  diagram  of  an  lector  ua.d  for  the  lubrica¬ 
tion  of  bearing.  1.  .horn  in  Figure  13. 

The  Breathing  Sjaten 

Th.  breathing  .y.tam  of  th.  .ngin.  r.pr.aent.  a  devlc.  which  connect, 
t  «  air  apace  of  th.  oil  tank  and  th.  oil  c^itie.  with  the  etmoaphere.  If 
thi.  ay.tem  i,  disrupted,  lubricating  oil  loa...  My  increa.e  significantly. 

Engine  breathing  i.  required  for  no«al  engine  oper.tion;  with  .  lack  of 
bra. thing,  heating  and  vaporization  of  th*  «n  , 

>«•••  into  the  oil  c.vitie.  through  labyrinth  ...I.' will  «  I^mT^  ^ 

preeaure  in  th.  oil  cavicie.  and  1„  the  .ngin.  oil  tank,  and  in  th.  final 
analysis,  may  lead  to  throwing  oil  out  of  th.  system.  In  contemporary 
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AGTD  designs,  the  oil  cavities  are  usually  connected  to  the  ataosphere  by 
naans  of  a  breather,  which  is  a  channel  containing  partitions  allowing  air 
and  oil  vapora  to  paas  freely,  but  which  oppoae  the  exit  of  oil. 


Figure  13.  A  diagram  of  a  centrifugal  oil  Injector:  1,  Channel; 

2,  Screen;  3,  Sleeve;  4,  Shaft 

At  th«  present  tine  centrifugal  breathera  are  the  no at  widely  employed, 
which  are  similar  In  principle  of  operation  and  design  to  the  centrifugal 
air  separators  described  above.  The  mixture  of  air  and  oil  vapors  pasics 
from  the  engine  to  a  rotating  vane;  the  oil  la  thrown  by  centrifugal  force 
to  the  sides  of  the  breather  housing  and  drains  along  a  special  thread 
through  a  discharge  nozzle  to  the  engine.  The  air  which  la  released  passes 
through  the  cover  of  the  breather  and  la  vented  to  the  atmosphere  ch rough  a 
special  channel. 

With  an  increase  in  engine  breathing  or  with  inexact  aaparatlon  In  the 
breather  of  oil  vapora  and  air,  ell  loss  in  tha  fora  of  vapora  Increases. 
Cases  art  known  of  an  Increase  of  40-60X  In  lubricating  oil  eonaumpt loo  for 
200-hour  bench  testa  due  to  an  increase  In  engine  breathing.  Therefore  the 
engine  breathing  syeten  requires  careful  observation. 
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CHAPTER  TWO 


THE  PURPOSES  OF  LUBRICATING  OILS  AND  THEIR  QUALITATIVE  REQUIREMENTS 
Oil  Operating  Condi clone 

In  contemporary  AGTT  designs  oil  lubricates  rubbing  parts,  removes  heat 
from  them,  acts  aa  an  operating  fluid  In  various  systems  of  manual  and  auto¬ 
matic  control,  and  also  protects  the  engine  from  corrosion  in  Che  operating 
state  and  while  stopped  or  while  In  storage. 

In  connection  with  ACTD  design  considerations,  operating  conditions  for 
these  lubricating  oils  differ  significantly  from  operating  conditions  in 
internal  combustion  piston  engines.  The  basic  operating  characteristic  of 
lubricating  oil  in  all  AGTD  systems  is  the  closed,  continuous  and  multistage 
circulation  of  relatively  small  quantities  for  an  extended  period  of  time 
114-15] . 

The  basic  operation  assembly  of  the  AGTD  —  the  turbocompressor  —  la 
Installed  on  ball  and  roller  antifriction  bearings  and  therefore  the  basic 
type  of  friction  in  the  AGTD  Is  rolling  friction.  It  Is  known  that  the 
coefficient  of  friction  for  antifriction  bearings  is  in  the  range  0.001- 
0.004,  whereas  for  the  usual  sliding  bearings  this  value  reaches  approx¬ 
imately  0.01.  In  contrast  to  piston  engines  the  shaft  of  the  truboconpressor 
assembly  la  well  balanced  and,  notwithstanding  the  large  nusber  of  revolu¬ 
tions  and  the  high  axial  and  radial  loads,  operates  without  sharply  changing 
loads.  This  permits  employing  relatively  low-viscosity  oils  for  TRD 
lubrication  (with  a  kinematic  viscosity  sc  50*C  of  6-10  cs).  In  addition  to 
turbocompressor  assembly  bearings,  the  oil  lubricates  gear  transmissions  of 
the  assembly  drive.  The  total  power  delivered  to  the  assembly  drives  Is  not 
high  (of  the  order  of  200-500  hp).  however,  due  to  the  relatively  email 
dimensions  In  weights,  the  assembly  drives  represent  significantly  stressed 
points  and  specific  attention  must  be  paid  to  the  lubrlcstlon  requirements. 

At  the  same  time,  the  gears  of  theaa  machanlsma,  due  to  moderate  loads  and 
rates  of  slip,  may  be  reliably  lubricated  with  low-vlacosity  oils. 
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In  connection  with  the  uni fora  end  balanced  rotation  of  the  engine 
turbocoapraai or  ehaft,  the  maximum  load  on  the  roller  and  ball  bearings  of  a 
subsonic  TRD  usually  does  not  exceed  1300-1500  kg  (In  piston  engines  the 
crankshaft  main  bearing  load  nay  reach  10,000  kg).  This  permits  us  to 
provide  reliable  lubrication  of  ACID  bearings  with  oils  which  withstand  a 
critical  oil  film  destructive  load  (P^  on  a  four-ball  ■ a chine)  of  the  order 
of  35-45  kg,  whereas  oils  employed,  for  example,  for  the  lubrication  of 
aviation  piston  engines  (MK-22,  MS-20),  have  values  of  70-60  kg.  However, 
in  connection  with  tendencies  toward  Increasing  the  operating  temperatures  of 
oils  in  the  supersonic  TRD,  it  is  advantageous  to  increase  this  indicator  for 
low-viscosity  oils  by  means  of  introducing  apodal  additives. 

The  oil  system  in  the  AGTD  is  isolated  from  the  sons  of  burning  fuel, 
which  fundamentally  distinguishes  it  from  the  oil  system  of  internal 
combustion  piston  engines.  Therefore  lubricating  oil  losses  in  the  AGTD  are 
not  observed,  and  the  consumption,  which  la  not  significant,  amounts  to  on 
the  average  0.25  to  1.5  kg/hr.  Oil  consumption  in  the  AGTD  is  considered  to 
be  nonreturning  losses,  which  are  composed  of  oil  losses  through  the 
labvnnth  seals,  oil  thrown  off  through  the  breather  system,  disintegration 
and  conversion  into  products  of  intensive  oxidation  under  the  Influence  of 
high  temperatures.  A  certain  amount  of  the  lubricating  oil  is  vaporized, 
which  causes  it  to  be  released  into  the  atmosphere  through  the  breather 
system. 

Since  the  power  expended  in  overcoming  friction  in  turbocompressor  anti¬ 
friction  bearings  la  not  high,  large  quantities  of  heat  are  not  generated  in 
these  bearings,  which  usually  occurs  in  the  bushings  of  sliding  bearings. 
However,  in  a  power-boosted  TRD,  the  bearings  are  heated  significantly,  which 
requires  their  intensive  cooling.  Since  the  oil  system  capacity  of  a  TRD  is 
usually  not  great  (from  7  to  25  t),  the  pumping  of  oil  through  the  engine 
must  be  quite  intensive  for  sufficient  heat  removal  from  hot  engine  parts. 

The  required  rats  of  oil  flow  to  the  angina  la  determined  by  the  amount 
of  heat  which  must  be  removed;  this  rats  la  made  up  of  the  oil  flow  through 
the  turbine  rotor  bearings,  the  assembly  drives,  the  TVD  and  also  through 
the  reducer.  The  rate  of  oil  flow  through  the  turbocompreasor  rotor  bearings 
depends  on  the  load  on  tham  and  on  the  number  of  revolutions,  and  is  on  the 
average  (in  t/hr): 


for  compressor  roller  besrlngs  120-160 

for  compressor  bell  bearings  210-270 

for  turbine  roller  bearings  300-380 

The  rate  at  which  the  oil  la  pumped  through  the  housing  of  the  assembly 
drives  and  through  the  reducer  is  determined  by  the  power  transmitted  to  the 
oil,  the  efficiency  and,  just  as  in  the  case  of  pumping  oil  through  the 
bearings,  by  the  thermal  capacity  of  the  oil  and  the  maximum  permissible 
temperature  of  heating  in  the  process  of  passing  through  the  engine. 

With  a  TWJ  oil  system  capacity  of  15  l,  for  example,  the  rate  at  which 
oil  is  ptssped  through  the  engine  under  various  operating  conditions  may  be 
900-950  1/hr.  Here  one  cycle  of  pumping  all  the  oil  through  the  engine  is 
accomplished  usually  in  0.5-1  min;  oil  velocity  in  the  channels  and  pipelines 
ef  the  evacuation  line  is  0.3-1  m/sec,  and  in  the  pressure  line  from  1.5  to 
3  m/sec. 

The  temperature  operating  conditions  for  lubricating  oil  in  TRD  bearings 
are  different.  As  e  rule  the  lowest  operating  temperature  is  observed  at  the 
front  compressor  bearing,  and  the  highest  temperature  at  the  turbine  bearing. 
Thus  the  compressor  bearings  in  a  subsonic  TRD  are  hacted  during  operation  to 
100-130‘C,  and  the  turbine  earing  to  160’C1 . 

The  operating  temperatures  of  subsonic TRO  bearings  which  are  in  contact 
with  oil  are  shown  in  Table  1,  and  oil  temperatures  at  the  output  of  the 
bearings  are  shown  in  Table  2. 

In  the  supersonic  TRD  the  loads  on  the  friction  points  Increase,  and  in 
this  connection  the  temperature  operating  conditions  of  the  lubricating  oil 
are  more  severe  (Tables  3  and  A). 

The  turbine  bearing  temperature  Increases  sharply  after  the  engine  is 
stopped  (see  Table  1) ,  whan  the  oil  flow  arJ  air  cooling  of  the  bearing 
cease,  and  heat  from  the  turbine  vane  continues  to  be  applied.  The  cur/e  of 
Increased  temperature  of  the  turbine  bearing  after  the  engine  is  stopped  is 
shown  in  Figure  1A  (A). 

The  temperature  operating  conditions  for  lubricating  oil  in  the  TVD  as 
a  function  of  design  and  engine  power  are  shown  in  Table  5. 


Table  1.  Subsonic  TED  Friction  Point  Temperatures 


Bearing  ten 

>arature  *C 

Friction  point 

Duripg  engine 
operation 

With  engine* 
atopped 

Reducer  rpm 

80-110 

80-110 

Coapraasor  bearing* 

Front 

50-80 

50-80 

Rear 

100-125 

125-150 

Turbina  bearings 

125-150 

240-260 

Table  2.  Subsonic  TRD  Oil  Teaperoture  at  the  Bearing  Output 


i  Output  oil  temperature *C 

Froa  tie  front 

Froa  ths  roar 

Froa  turbine 

Turbine  speed, 
rp« 

coapraasor  uearlng 

coapraasor  bearing 

bearing 

12,000 

32-38 

57-72 

71-88 

18,000 

43-60 

88-113 

85-123 
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Tabl«  3.  Supersonic  TM>  Thermal  and  Mechanical  Load*  on 
Friction  Points* 


Maximum 

Points 

Temperature 

Load, 

•c 

ka 

Bearing 

Front  support* 

100 

5,000 

Central  support* 

120 

3,000 

Bear  support 

200 

4,200  1 

Gears 

1 

Central  reduc- 

tlon 

120 

14,700** 

Reducer 

120 

13,800** 

1*  For  nlrcraft  with 

a  Mach  nusfcer  of  2-2 .5.  i 

r*  In  kg/ca?. 

1 

Table  4.  011  Temperature  Operating  Conditions  in  the  Bearings 

♦  of  Various  TRD  Turbina* 


■H'llTlIi  ——I 

Sub- 

eonlc 

Sonic 

ESTES] 

Temperature,  *C 
Turbine  bearing 
i  Oil 

175 

90 

175-300 

90-150 

300-400 

130-200 

-  23 


d 


Figure  14.  Temperature  change  curve  of  the  turbine  bearing 
external  ring  after  atopping  the  engine 


Table  5.  Contemporary  TVD  Lubricating  Oil  Temper atura 
Operating  Conditions 


Indicator 


Engine  nodal 


4- 


Maxiaua  oil  temperature  j 

at  the  engine  Input,  *C  ts5  I  go 

Maxi aua  oil  tenpereture 
at  the  engine  output,  *C  !115  |  110 

I  Reat  absorbed  by  oil  under 
noalal  conditions,  kcal/ 

(  _ 1850  1 1850 

*With  an  engine  Input  oil  temperature  of  80*C. 


f 


90 

115 

1850 


I 


4 - 

'  75-85 
85-95 

880-890 


In  a  TVD  having  a  power  of  the  order  of  4000  hp  at  a  total  oil  system 
capacity  of  approximately  80  1,  tha  oil  nay  be  heated  at  the  friction  points 
to  the  following  temperatures  (In  *C):  .  _  — 


rear  conpresaor  bearing  . ....130 

turbine  bearing  . 160 

reducer  .  110  -  130 


average  oil  temperature  at  tha  engine  input  . . . .  80  -  100 
average  oil  temperature  at  the  engine  output  ....  100  -  120 

For  a  TVD  of  tha  Indicated  power  «te  stipulate  that  the  oil  temperature 
at  the  output  of  tha  lubricated  points  of  the  engine  la  20*C  higher  than  at 
the  Input  to  the  engine  (l.e.,  after  the  fuel-oil  radiator),  and  that  the  oil 


t 
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temperature  at  the  output  fro*  tha  reducer  is  8-10X  higher  than  the  average 
temperature  of  the  oil  leaving  tha  angina. 

Since  the  bearing  tanparaturaa  of  tha  angina  are  not  identical,  normal 
cooling  of  the  baarlnga  la  achieved  bp  paaalng  various  quantities  of  oil 
through  them.  Thus  through  tha  thermally  atraaaad  turbine  bearing,  tvo- 
three  times  more  oil  (to  400  t/hr)  la  ptmped  than  through  the  compressor 
bearing. 

Bearing  temperatures  in  the  supersonic  TRD  of  the  near  future  will  be 
450-500*C  end  higher;  this  makes  the  operating  conditions  for  lubricating  oil 
considerably  more  severs  end  requires  a  sharp  Improvement  in  resistance  to 
oxidation,  naturally,  the  more  the  engine  is  power  boosted  and  the  more 
power  taken  from  the  engine,  the  higher  the  temperature  of  the  gas  in  front 
of  the  turbine  and  the  temperature  of  tha  bearings  and,  therefore,  the  higher 
the  temperature  of  the  lubricating  oil.  Temperature  distribution  in  friction 
points  of  a  supersonic  TKD  la  shown  in  Figure  15  [100]. 


Figure  IS.  Teapereture  distribution  (in  *C)  at  TRD  friction  points. 

Oil  temperature  at  the  angina  input  is  1S0*C,  and  200*C  at  the 

output. 

The  quantity  of  lubricating  oil  delivered  to  the  beerlnga  of  the  engine 
in  the  final  analysis  depends  on  tha  bearing  loads.  Thus  in  a  TRD  with  axial 
compressors,  3-6  times  more  oil  is  delivered  to  the  stressed  bearings  than  to 
similar  bearings  in  a  TRD  with  a  centrifugal  compressor. 

Usually  the  range  of  operating  temperaturas  of  the  lubricating  oil  In 
the  4CTD  is  accepted  as  charactarlsed  by  the  average  oil  temperature  at  the 
input  and  at  the  output  of  the  engine.  It  is  apparent  from  this  that  the 
average  oil  temperature  at  the  output  of  the  engine  does  not  in  ar.y  way 
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redact  tha  true  temperatures  of  oil  overheating  at  individual  friction 
point*.  Thla  suit  be  considered  in  chooalng  oil  for  engines  and  in  evalu¬ 
ating  Its  high-teaparaeure  properties. 

In  engines  which  have  fuel-oil  radiators ,  the  oil  operates  under  better 
conditions,  since  It  is  cooled  note  effectively  (to  approximately  40-50* C) , 
than  in  engines  without  radiators  (to  70-80*0. 

The  teepereture  operating  conditions  of  lubricating  oils  In  a  TRD  In 
recent  tinea  have  been  eade  especially  severe  In  view  of  the  increase  in  the 
flight  speeds  of  supersonic  aircraft  to  Mach  3  and  above.  As  a  result  of  the 
high  air  compression  and  the  increase  in  its  pressure  at  the  aircraft  exit 
cone,  the  taaiperature  of  the  air  entering  tha  engine  has  increased  sharply. 
The  dependence  of  the  taaiperature  of  tha  air  which  enters  the  engine  on 
aircraft  speed  (at  an  altitude  of  ill, 000  a)  Is  characterised  by  the  following 


calculated  data: 

Aircraft  speed,  ka/hr 

Alrteaperature 

subsonic 

-25 

io; ' 

-13 

2150 

120 

3200 

aore  than  300 

An  increase  In  the  teepereture  of  the  air  entering  the  engine  causes  a  sharp 
increase  In  the  temperature  cycle  of  engine  operation;  thus  the  tesq>erature 
operating  conditions  of  the  lubricating  oil  are  aore  severe. 

During  supersonic  flight  speeds  the  temperature  of  the  aircraft  housing 
increases  sharply  as  a  result  of  sir  friction,  which  also  negatively 
influences  engine  cooling  conditions  and  the  cooling  of  the  lubricating  oil 
within  the  engine.  Alrfraae  temperature  values  of  supersonic  elrcreft, 
aanufsctursd  of  steel  end  titenlua,  ere  shown  in  Flgura  16  (100]. 

In  reaching  tha  tone  of  high  teaperaturas ,  which  includes  the  baarlnge 
and  other  hot  parte,  part  of  the  oil  vaporises  which  facilitates  spraying  of 
the  oil  at  the  exit  of  the  oil  Injectors  and  nixing  tha  oil  with  air  In  oil 
cavities  of  the  gear  assembly  housings. 

Engine  oil  consiaptlon  (usually  froa  0.25  to  1.5  kg/hr),  caused  mainly 
by  loeees  through  the  breather  systaa,  are  associated  flrat  of  all  with  tha 
vaporisation  of  of  low-boiling  point  fractions.  This  is  confirmed  by  a 
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significant  incraaaa  in  viscosity  of  the  oil  after  extended  operation  in  the 
angina,  notwithstanding  the  constant  addition  of  fresh  oil.  Therefore 
lubricating  oils  saployed  in  the  AGTD  mat  have  a  uniform  fractional 
composition  and  minimum  volatility.  High  tasiparaturea  and  intensive  contact 
with  air  during  the  spraying  of  oil  from  Injectors  and  during  the  lubrication 
of  drive  assembly  gears  causes  rapid  oxidation.  In  addition,  the  oil 
contacts  various  metals  and  alloys,  aany  of  which  are  themselves  pro- 
oxidants.  Copper,  bronze,  lead  bronze,  lead,  magneslua,  aluminum,  steel  and 
other  metals  and  their  alloys  [16,  17]  are  the  most  widely  employed  metals  In 
AGTD  construction.  As  a  result  of  oil  oxidation  on  engine  parts  and  in  the 
oil  system,  small,  sticky  residues  and  deposits,  as  well  as  varnish  and 
abrasive  substances  of  .the  carbene  and  carbold  type  appear,  which  are 
products  of  intensive  oxidation  of  lubricating  oil.  In  order  to  increase  the 

n»riod  o*  one ration  of  the  luhricatirg  oil  without  a  change  aw*  to  decrease 
deposits  in  the  engine,  it  must  be  sufficiently  resistant  to  oxidation. 

Lubricating  oil  operating  conditions  in  the  AGTD  (the  high  cycle  ratio, 
intensive  mixing  of  oil  with  air  during  spraying  in  the  process  of  lubricating 
bearings  and  gears)  facilitates  its  foaming.  The  oil  from  bearings,  toothed 
gears  and  other  lubricated  points  may  have  as  much  as  301  by  volume  of  air. 

In  a  contemporary  TW>  the  quantity  of  air  entering  the  oil  during  oil 
spraying  In  the  injectors  alone  may  attain  a  value  of  20  ml /kg  of  oil.  In 
the  engine  oil  tank  the  pressure  is  always  lower  thrm  in  the  remaining  part 
of  the  oil  system;  in  addition,  it  is  significantly  reduced  with  an  increase 
in  flight  altitude  which  creates  conditions  for  intensified  oil  foaming. 

Intensive  oil  foaming  impairs  the  operation  of  the  engine  oil  system. 

The  danger  of  throwing  oil  through  the  breathing  aperture  of  the  oil  tank 
arises,  which  lesds  to  an  increase  in  oil  consumption  end  may  cause  the 
cessation  of  oil  delivery  to  engine  friction  points.  Foaming  oil  has  poor 
thenaal  conductivity  and  reduced  heat  capacity,  and  therefore  it  removes  heat 
from  hot  engine  parts  less  successfully.  The  output  of  pumps  which  evacuate 
foaming  oil  is  reduced.  Therefore  the  foaming  tendency  of  oils  employed  in 
the  AGTD  must  be  minimal. 

According  to  specifications  starting  of  the  T1D  must  be  accomplished 
rapidly  and  reliably  by  the  starting  device  in  60-90  sec  at  temperatures  from 
-40  to  -50*C  (minimum  oil  tenperstures  for  extended  parking  of  aircraft 
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under  north  climatic  tone  conditions).  At  such  low  temperatures  the  oils 
employed  cannot  provide  for  a  normal  angina  start,  and  they  must  be  warmed  up 
by  airdrome  heating  facilities. 


Figure  16.  Provisional  temperatures  (In  *C)  of  the  airframes  of  j 

supersonic  aircraft  during  flight:  A,  An  airframe  of  steal  &:d 
titanium,  at  a  speed  of  Mach  1;  B,  An  airframe  of  alumlnm  and 

titanium  (10X) ,  air  speed  Mach  2.2  i 

1 

Due  to  the  high  viscosity  of  the  lubricating  oil  In  a  cold  engine. 

Starting  of  the  turbocomprasaor  assembly  Is  not  possible,  and  Initiation  of 
the  required  starting  cycle  is  hindered.  The  delivery  of  oil  to  the  engine 
friction  points  is  reduced  du  to  reduced  oil  puep  output,  which  la  connected 
with  high  oil  viscosity.  The  curve  on  Figure  17  shows  the  relationship  j 

between  the  temperature  of  the  oil  being  pumped  through  and  the  output  of  the 
oil  puap.  The  small  starting  torque  of  the  antifriction  bearings  facilitates  j 

by  far  starting  of  the  engine  at  low  temperatures;  nevertheless  the  lubri¬ 
cating  oil  at  low  temperatures  must  have  minimum  viscosity  and  good  pumping 
qualities  at  the  lubrication  points.  This  Is  particularly  req,i4~»'  ? ox*  the 
reason  that  In  order  to  provide  for  the  normal  starting  process  of  the  AGTD 
turbine,  the  speed  of  rotation  of  the  turbine  must  be  approximately  1*>00  rpm, 
which  la  difficult  to  attain  with  a  turbostarter  with  the  ineressed  resist¬ 
ance  of  hlgh-viscosity  lubricating  oil. 

Oil  Operation  Characteristics  In  the  TVD 
Soma  characteristics  of  lubricating  oil  operating  conditions  In  tha  TVD 
are  due  to  the  presence  In  these  engines  of  gear  reducers.  TVD  reducers  hevs 
a  gear  ratio  of  tha  order  of  10:1  end  with  email  dimensions  and  coaq>act  site 
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must  transmit  high  power,  amounting  to  17, 000-20, OOOhp.  Therefore  the 

reducers  have  a  complex  kinematic  design,  and  their  gears  operate  with  high 

loads  and  speeds.  For  example  the  contact  shear  stress  in  the  toothed 

2 

reducer  gears  amounts  to.  approximately  4000-6500  kg/ cm  ,  and  the  contact 

2 

compressive  stress  amounts  to  10,000-11,000  kg/aa  [18]. 


•X  -to  -»  #  S  n 
Temperature,  *C 


Figure  17.  Oil  pump  output  as  a  function  of  the  temperature  of 
oil  being  pumped.  Oil  viscosity  at  50*C  is  60  es. 

At  the  high  surface  stresses  generated  along  the  line  of  engagement  of 
the  gear  teeth,  the  lubricating  oil  which  possesses  insufficient  capability 
to  Mlntain  itself  on  the  metal  and  to  withstand  the  pressure,  will  be 
squaesed  from  the  contact  sons  which  leads  to  a  great  amount  of  wear,  jamming 
or  breakage  of  the  gear  teeth.  Therefore  the  lubricating  oil  employed  in  the 
TVD  reducer  oust  have  high  load  carrying  capacity  and  good  lubricating 
propertiee.  Ho  re  often  than  not  these  properties  are  characteristic  of  high- 
vlacoalty  oils,  however  the  use  of  such  oils  in  the  TVD  is  not  advantageous 
due  to  the  use  of  a  single  system  of  lubrication  for  the  turbocompreasor  and 
reducer.  A  low-viscoeity  oil  la  required  for  quick  and  easy  starting  of  the 
engine  turbine,  end  e  high-viscosity  oil  with  increased  lubricating  proper¬ 
ties  is  required  for  lubrication  of  the  highly  stressed  reducer  gears.  These 
contradictory  requirements  create  serious  difficulties  in  the  development  of 
qualified  TVD  oils.  It  is  for  thla  reason  that  special  lubricating  oils  are 
employed  in  the  TVD  which  differ  in  operating  properties  from  the  TAB  oils 
U9.  201. 

A  significant  property  of  the  reducer  le  the  requirement  to  deliver  to 
it  an  abundant  quantity  of  oil,  since  the  amount  of  heat  which  must  be 
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recoved  free  the  reducer  Is  quite  large.  The  quantity  of  heat  absorbed  by 
the  lubritstlng  oil  In  the  reducer  nay  be  determined  In  the  following  manner. 
In  the  TVD  approximately  102  of  the  power  is  expended  in  the  form  of  reactive 
thrust  through  the  resctlon  nozzle ,  but  902  of  the  power  goes  to  the  reducer 
for  the  drive  to  rotnte  the  airscrews.  With  a  TVD  power  of  4000  hp,  the 
reducer  will  transmit  a  power  of  3600  hp;  with  an  efficiency  factor  of  0.98 
the  power  losses  In  the  reducer  amount  to  72  hp,  which  is  equivalent  to 
GB0  keal/hr  of  heat.  A  certain  part  or  this  heat  will  be  lost  through  the 
reducer  housing,  but  the  main  part  of  the  heat  must  be  r amoved  by  the 
lubricating  oil. 

With  an  angina  power  of  11,000-12,000  hp,  beat  removal  by  the  oil  in  the 
reducer  will  be  approximately  2000  kcsl/hr.  In  order  to  remove  such  a  large 
quantity  of  heat  from  the  reducer,  the  flow  of  oil  through  the  TVD  is 
increased.  In  the  AI-20  engine  under  nominal  conditions,  the  oil  flow 
attains  a  value  of  133  kg/hr,  and  In  more  powerful  englnae,  the  value  is 
1900  kg/hr. 

TVD  lubricating  oil  with  a  high  load-carrying  capacity,  good  starting 
properties  and  sufficient  thermal  oxldstion  stability  may  be  developed  not 
only  on  the  basis  of  petroleum,  but  alsi  of  synthetic  raw  material  with  the 
simultanaoua  employment  of  complex  and  effective  additives  [21,  22]. 

Oil  Quality  Requirements 

The  type  of  lubricating  oil  employed  in  an  engine  1a  determined  by 
design  characteristics  and  specifications  of  the  engine,  mainly  by  the  loads 
on  rubbing  parte  end  points,  by  their  operating  teuperatu  s  and  types  of 
bearing*. 

Lubrication  Capability 

One  of  the  basic  requirements  tor  subsonic  ACTD  oils  is  the  reliable 
lubrication  of  parts  within  s  temperature  range  of  -30  to  150*C.  For  a 
supersonic  thermally  stressed  TRD,  the  upper  limit  must  be  higher.  The  oil 
must  provide  for  minimum  wear  of  parts  (first  of  ell  of  the  turbocompressor 
bearings)  not  only  during  ordinary  operating  condition*,  but  also  during 
short-term  disruptions  of  the  liquid  lubrication  cycle.  Usually  such  a 
disruption  occurs  during  engine  starting  aftar  an  axtandad  period  of  standing 
and  especially  under  low  temperature  conditions  when  Insufficient  oil  arrive* 
at  friction  points. 
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Experience  In  the  application  of  TRD  petroleum  end  synthetic  oils  In  the 
USSR  and  abroad  reveals  that  oil  satisfies  engine  requirements  insofar  es 
anti-wear  properties  are  concerned  with  a  minimum  critical  load  value  for  oil 
film  breakdown  (value  P^,  determined  on  a  four-ball  friction  machine)  of 
40-50  kg.  For  TVD  oila  this  Indicator  muat  attain  a  value  of  70-90  kg. 

Starting  Properties 

AGTD  lubricating  oils  must  be  characterized  by  good  starting  (low- 
temperature)  properties.  These  properties  are  determined  by  a  complex  of 
physicochemical  indicators,  such  as  the  slope  of  the  viecoalty-cemperature 
curve ,  the  viscosity  level  and  to  a  certain  extent  the  pour  point.  For  AGTD 
use  lubricating  oils  are  preferred  with  the  wildest  elope  In  the  viscosity- 
temperature  characteristic,  1.#, ,  oils  In  which  the  Influence  of  temperature 
on  viscosity  change  In  minimal. 

Tha  basic  indicator  which  la  Important  in  the  process  of  engine  starting 
at  low  tamperaturea  Is  the  viscosity  level,  which  characterizes  the  pumping 
quality  of  tbs  oil  under  these  conditions.  Bench  tests,  accomplished  at 
-54*C,  have  revealed  that  even  during  operation  with  low-viscosity  petroleum- 
baaed  oil,  the  pressure  In  the  oil  system  is  quickly  reduced  and  after 
ten  minutes  of  engine  operation  the  pressure  drops  almost  to  zero  due  to  a 
sharp  Increase  In  oil  viscosity  and  the  reduction  In  oil  pump  output. 

Oil  pumping  quality  may  be  characterized  by  a  critical  temperature,  l.e. 
by  a  temperature  at  which  delivery  of  the  oil  to  friction  points  Is  disrupted 
or  ceases  altogether.  Table  6  shows  tentative  critical  temperatures  for  the 
pumping  quality  of  oils  of  various  viscosities. 

It  Is  obvious  that  the  critical  temperature  of  disruption  or  cessation 
of  oil  delivery  depends  on  oil  viscosity.  Foreign  THD  exploitation  has 
revealed  that  normal  oil  pumping  quality  la  disrupted  with  a  viscosity  of 
approximately  5000  cs  and  ceasaa  at  20,000  ca.  Depending  on  the  starting 
power  of  the  starting  devices  for  doaastlc  AGTD,  the  maximum  vlscoalty  of  the 
oil  which  provides  a  normal  engine  start  without  warm-up  cannot  exceed  2000- 
4500  cs;  this  viscosity  for  low-viscosity  pstroleum-bssed  oils  Is  observed  #r 
temperatures  from  -30  to  -35'C.  The  viscosity  of  lubricating  oils  with 
optimum  starting  properties  at  temperatures  fror.  -4u  to  -50*C  must  bs 
2000-4500  cs,  with  a  pour  point  to  -60*C. 
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Thermal  Oxidation  Stability 

ACTD  lubricating  oil  auat  b*  characterised  by  tha  ability  to  preaerve 
Its  initial  properties,  i.a.  must  be  stable  with  raapact  to  oxidation  during 
extended  engine  operation,  and  must  not  fora  deposits,  varnish  «"<<  other 
oxidation  products  in  the  engine  and  auat  not  cause  corrosion  of  aetals  due 
to  an  increase  in  acidity. 

According  to  practical  data  oil  in  a  contemporary  TRT)  in  one  engine 
cycle  (beginning  at  the  arrival  at  the  lubrication  points  and  the  exit  to  the 
oil  radiator)  la  heated  on  the  average  by  40-70*C. 

Tha  average  operating  temperature  of  the  oil  in  a  aubeonlc  TRD  usually 
doea  not  exceed  120-150*C;  in  a  auparaonic  TRD  this  valua  may  be  250*C  and 
abovt.  Therefore  lubricating  oil  for  a  subsonic  TRD  must  be  stable  to 
140~160*C,  and  for  a  supersonic  TRD,  apparently,  to  a  value  of  the  order  of 
300*C  and  above. 

In  connection  with  tha  high  operating  tmsperatures  in  tha  supersonic  TRD 
abroad,  significant  difficulties  wars  experienced  in  development  of  thermally 
stable  oils  for  these  anginas  123],  Thus  ths  development  of  the  supersonic 
transport  aircraft  "Concord"  (an  Anglo -frenc'.i  company)  has  been  retarded  due 
to  the  leek  of  the  required  materials,  not  the  lasst  of  which  has  been  the 
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lubricating  oil.  In  engines  of  the  "Bristol  Siddley"  firm,  the  oil 
temperature  is  120-130°C,  and  in  the  engine  of  the  supersonic  aircraft 
"Concord,"  it  must  increase  on  the  average  to  180*C.  From  several  lubrica¬ 
tion  points  in  this  engine  the  oil  will  enter  the  pumping  system  heated  to  a 
temperature  of  285*C,  and  will  come  into  contact  with  air  having  a  temper¬ 
ature  up  to  350*C.  The  question  is  being  discussed  in  many  foreign  refer¬ 
ences  [24-28J  concerning  the  characteristics  that  must  be  possessed  by  oils 
intended  for  supersonic  transport  aircraft  with  a  flight  speed  of  Mach  2.2 
and  above.  Here  most  attention  la  being  devoted  to  the  requirements  for 
thermal  oxidation  stability  of  nils  and  to  a  study  of  organic  and  other 
compounds  which  may  be  used  ws  c  basis  for  high-temperature  lubricating  oils. 

This  question  will  be  examined  in  detail  in  Chapter  Thirteen. 

Stability  of  Fractional  Composition  and  Other  Properties 

AGTD  petroleum-based  lubricating  oil  must  be  uniform  and  have  a  stable 
fractional  composition;  this  causes  minimal  volatility  of  low  boiling  point 
fractions,  as  a  result  of  which  oil  consumption  is  reduced  and  the  viscosity 
properties  of  the  oil  are  aialntalned  during  the  entire  service  period  of  the 
oil  in  the  engine.  Therefore  the  requirement  for  minimum  volatility  and 
possibly  narrow  fractional  composition  (boiling  away  within  the  limits 
60- 70°C  in  place  of  the  usual  100-120*0  is  quite  essential  for  oils  of 
petroleum  origin;  for  synthetic  oils  this  is  a  very  important  requirement. 

In  conclusion  it  is  necessary  to  point  out  that  AGTD  oils  must  display 
minimum  foaming,  must  have  a  high  flash  point  and  self-ignition  point  and 
must  not  destroy  metals,  rubber  and  various  other  sealing  materials  and 
coverings.  The  oil  must  not  be  toxic  in  the  liquid  form,  in  vapors  and  in 
mixtures  with  air. 

An  effort  should  also  be  made  for  the  cost  reduction  of  lubricating 
oils;  however,  this  factor  is  not  a  decisive  one,  for  the  high  quality  of 
oils  gives  a  greater  economic  effect  as  a  result  of  oil  operation  without 
changes  and  an  Increase  in  the  life  of  the  engine. 


Footnotes 

To  p.21.  The  temperatures  of  bearings,  fraction  points  and  oil  temper¬ 
atures  presented  here  and  subsequently  were  taken  from  various  sources 
and  for  various  models  of  engines;  therefore  they  differ  somewhat  among 
themselves  and  are  not  always  fully  comparable.  Nevertheless  these  data 
are  of  definite  interest  since  they  characterlie  the  overall  picture  of 
of  lubricating  oil  operating  conditions. 


CHAPTER  THREE 


DOMESTIC  TRD  LUBRICATING  OILS 
The  Selection,  Manufacturing  Methods  and  Basic  Properties 

Low-viscosity  lubricating  oils,  obtained  from  a  petroleum  base,  are 
widely  employed  in  the  Soviet  Union.  These  oils  have  viscosities  of  6-9  cs 
at  50  *C  and  operate  aatiafactorlly  in  subsonic  TRD  installations  with 
moderate  thermal  conditions. 

It  may  be  assumed  that  in  the  USSR  petroleum  TRD  and  TVD  lubricants 
will  not  soon  lo'e  thalr  significance. 

A  short  examination  of  the  history  of  the  development  and  application  of 
petroleum  lubricants  for  the  TRD  in  the  Soviet  Union  may  be  of  interest.  In 
the  period  of  the  formation  of  domestic  jet  aviation  (1947),  there  were  no 
special  TRD-qualified  oils.  Tests  and  final  adjustment  of  the  englnsa  were 
accomplished  using  oils  intended  for  other  types  of  technology,  and  these 
oils,  which  in  viscosity  and  lubricating  properties  gave  satisfactory 
results,  ware  assumed  to  be  applicable  to  the  TRD.  These  included  trans¬ 
former,  AU  spindle  oil,  L  turbine  oil  and  mixtures  of  other  aviation  oils, 
including  MS-14,  MS-20  or  MK-22  with  transformer  oil.  To  the  transformer  oil 
was  added  0.05-0. 1Z  stearic  add  in  order  to  improve  its  lubricating  proper¬ 
ties.  Both  the  oils  and  the  mixtures  differed  sharply  in  low-temperature 
properties,  thermal  oxidation  stability  and  other  properties,  which  created 
difficulties  in  TRD  exploitation.  Due  to  viscosity  fluctuations  at  low 
temperatures  for  individual  batches  of  the  same  oil  and  of  thalr  mixtures, 
the  temperature  ranges  for  engine  starting  in  winter  were  not  identical.  In 
evaluating  the  possibility  of  employing  a  specific  oil  in  the  TRD,  the  basic 
criterion  accepted  was  the  viscosity  tdiich  provided  for  reliable  engine 
starting  without  employing  airdrome  warm-up  facilities.  This  criterion  is 
still  one  of  the  basic  criteria  today. 
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Id  order  to  maintain  equipment  readiness  in  the  aircraft  park,  the  oil 
suet  provide  for  reliable  engine  starting  in  an  optimum  case  down  to  an 
ambient  air  temperature  of  -50*C. 

The  following  measures  were  taken  in  connection  with  the  lack  of 
special  low  pour  point  oils  in  the  1945-194?  period: 

thinning  of  the  oil  with  aviation  gasoline  before  starting  the  engine; 
use  in  place  of  oil  In  the  TRD  of  synthetic  products  with  a  low  pour 
point; 

use  In  engines  of  the  lowest  viscosity  petroleum  oils. 

For  a  long  time  10-15Z  of  T-l  fuel  was  poured  into  the  oil  system  of  the 
engine  before  stopping;  this  was  accomplished  In  agreement  with  instructions 
for  engine  use,  but  created  technical  difficulties,  caused  increased  engine 
wear,  and  did  not  solve  the  problem. 

From  a  number  of  synthetic  products  available  at  the  time,  several 
silicones  (polvslllcone)  were  tested  for  TRB  use;  these  compounds  were  char¬ 
acterized  bv  a  very  mild  slope  In  the  viscosity-temperature  curve  and  a  pour 
point  of  approximately  -60*<\  The  test  revealed  that  the  basic  shortcomings 
of  polyslllcone  liquids  are  the  insufficient  lubricating  capability  and  the 
tendency  toward  the  formation  of  jellies  at  increased  temperatures.  These 
shortcomings  and  also  the  high  cost  of  polysilicones  and  their  shortage  did 
not  permit  using  them  as  TRD  lubricants. 

Petroleum  Oils  and  Their  Preparation 
Lov-vlscoslty  petroleum  oils  were  acknowledged  to  be  the  most  promising 
ells  with  satisfactory  starting  characteristics.  In  particular,  transformer 
oil  (GOST  [All-Union  State  Standard]  982-56)  had  the  lowest  viscosity  of  all 
the  oils  employed  and  had  a  low  pour  point.  Stearic  acid  was  added  to  the 
oil  at  the  airdromes,  which  created  significant  difficulties  In  oil  storage 
and  use.  Work  based  on  the  requirement  to  introduce  stearic  acid  Into  the 
oil  wee  checked  on  lnstrusents  which  reproduced  sliding  friction;  therefore 
conclusions  concerning  the  poor  lubricating  properties  of  the  transformer  oil 
had  to  be  checked.  It  was  also  necessary  to  check  established  transformer 
oil  change  periods  in  various  engines  with  similar  tas^arature  operating 
conditions. 
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Special  testa  accomplished  with  a  TRD  revealed  that  in  these  engines  it 
la  possible  to  employ  low-viscosity  petroletse  oils  without  stearic  acid;  for 
all  domestic  TRD  Installations  petroleum  oil  is  suitable,  i.e.  transformer 
oil  under  the  condition  that  the  oil  be  changed  after  each  100  hr  of  engine 
operation.  Than  petroleum  oil  of  a  special  type  was  tested  and  authorised 
for  use  in  the  TRD;  the  MK-8  (COST  6457-66)  type,  which  differed  from 
transformer  oil  by  better  low-temperature  properties  and  by  a  stricter 
selection  of  the  petroleum  base  used  in  its  production. 

Notwithstanding  its  significant  shortcomings,  the  MK-8  oil  has  been  used 
for  many  years  in  conjunction  with  transformer  oil  as  the  basic  type  of 
petroleum  lubricant  for  the  subsonic  TRD.  Since  the  MK-8  oil  did  not  fully 
satisfy  requirements  in  engine  starting  properties,  antioxidation  properties 
and  stability  of  fractional  coaq>osltion  during  extended  operation  in  the  TRD, 
in  the  period  1959-1963  improved  petroleum  oils  were  developed  for  the 
dosMstic  subsonic  TRD:  these  were  the  ME-6  (GOST  10328-63)  end  the  MS -6 
(GOST  11552-65)  oils.  They  ere  characterized  by  a  narrow  fractional  composi¬ 
tion,  a  somewhat  lower  Initial  viscosity  (6  cs  at  50*C  in  comparison  with 
8  cs  for  MC-8  oil),  by  good  starting  characteristics  and  a  stable  fractional 
caapoeltlon. 

In  a  TRD  with  an  increased  temperature  cycle,  MK-8p  (POST  6457-66)  oil 
is  employed,  which  in  comparison  with  MK-8  oil  has  somewhat  improved  thermal 
oxidation  stability.  It  is  prepared  by  introducing  into  MK-8  oil  0.6Z  by 
weight  of  the  antloxldlzlng  additive  dlbutyl  paracresol  of  the  DBK-69  brand, 
known  under  the  name  of  "Ionol." 

The  following  petroleum  oils  are  used  at  the  present  time  for  the 
lubrication  of  doiMStlc  TRD  installations:  MK-8  and  MK-8p  (COST  6457-66); 
transformer  oil  (GOST  982-518);  HK-6  (GOST  10328-63);  MS-6  (GOST  11552-65). 

In  comparison  with  MC-8,  transformer  oil  has  poorer  low-temperature 
characteristics,  and  its  application  at  the  present  time  Is  not  significant. 
The  MI-6  end  HS-6  oils,  insofar  as  exploitation  characteristics  are 
concerned,  are  quite  close  to  each  other,  are  interchangeable  and  in  essence 
represent  the  same  type  of  oil  prepared  from  petroleum  of  different  sources. 


The  Preparation  of  MK-8  Oil 

Do*  to  the  strict  requirements  established  for  the  lov-teaperature 
properties  and  thermal  oxidation  stability  of  TRD  domestic  petrolem  oils, 
until  recent  times  their  production  has  involved  selected  crude.  Thus,  low 
MC-8  pour  point  oil  is  manufactured  from  oil  diatillatea  of  aelected  Baku 
crude,  in  particular  froa  high-quality  nonparaffinaceous  Balakhany  crude  oil. 
However,  In  connection  with  the  tendency  to  reduce  the  extraction  of 
Balakhany  crude,  obtaining  TRD  oils  for  widespread  use  from  this  crude  Is  no 
longer  promising.  According  to  COST  6457-66,  the  adding  of  14Z  Romanovka 
crude  is  authorized  during  the  preparaction  of  MK-8  oil;  the  oil  may  also  be 
prepared  from  Dossor  crude.  In  this  caee  somewhat  poorer  viscosity- 
temperature  and  antioxidation  oil  propertlea  are  authorized. 

The  MK-8  oil  is  obtained  by  means  of  cleaning  the  distillates  with 
sulfuric  add  (9Z).  Transformer  oil  is  prepared  using  the  same  technique 
from  a  mixture  of  other  Baku  crude  oils,  Including  Balakhany,  Roman ovfca  ,  etc. 
taken  in  various  ratios  (Table  7). 

The  method  of  obtaining  TRD  oils  by  narrowing  tbs  fractional  composition 
la  quite  promising.  This  method  permits  the  manufacture  of  oils  which 
satisfy  the  requirements  of  GOST  6457-66  from  a  number  of  domestic  crudes, 
which  were  not  previously  employed  for  this  purpose. 

In  addition,  Mt-6  and  MS-6  oils  obtained  by  this  method  have  signif¬ 
icantly  better  exploitation  characteristics  In  comparison  with  the  MX-8  oil. 

The  fractional  composition  of  the  MK-8  oil  changes  in  the  process  of  its 
operation  in  an  engine.  This  la  associated  with  vaporisation  from  the  oil  of 
the  low- boiling  fractions,  as  a  result  of  which  oil  viscosity  rises  consider¬ 
ably.  Thus  Investigations  have  revealed  that  this  Is  caused  by  the  broad 
fractional  composition  of  the  oil,  l.e.  It  bolls  away  in  a  wide  range  of 
temperatures  (on  the  average  from  270  to  440*0 .  The  vacuum  distillation 
curves  of  the  MK-8  oils  are  shown  In  Figure  18.  It  Is  apparent  froa  the 
drawing  that  the  MK-8  oil  contains  a  significant  quantity  of  low-boiling 
fractions;  their  vaporization  in  the  engine  at  Increased  temperatures  causes 
a  sharp  rise  in  the  viscosity  of  the  oil  aa  a  result  of  the  particularly 
hlgh-vlecoelty  heavy  fractions  contained  in  the  oil.  It  follows  from  this 
that  TRD  lubricating  oils  must  have  a  more  uniform  composition,  l.e.,  they 
mist  not  contain  low-boiling  and  hlgh-vlscoslty  heavy  fractions.  Then  with 
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partial  oil  vaporization,  a  change  in  oil  viscosity  will  be  less  significant. 
Other  properties  of  oils  with  a  narrow  fractional  composition  will  also 
display  lees  change  during  their  partial  vaporization;  therefore  oils  of  this 
type  nay  operate  for  an  extended  period  of  tine  in  the  TRD  with  no  signif¬ 
icant  changes  in  the  viscosity-temperature  and  other  propertlea. 


Table  7.  The  Crude  Petroleum  and  the  Technique  Used  In  Preparing  TRD 

Petroleum  Oils 


Oil 

Crude  petroleum 

Distillate 

cleansing 

Mg- 8 

light  Belakheny  crude,  with 
permissible  addition  of  142 
Romanovka;  and  Doaaor  crude 

oil  distillate 
300-400* C 

acid-contact 

MR-8p* 

light  Balakhany  crude,  with 
permissible  addition  of  14Z 
Romanovka;  and  Do  a so r  crude 

oil  distillate 
|  300-400‘C 

acid-contact 

trans¬ 

former 

oil 

mixture  of  Baku  crudes  in  ] 

various  ratios  (Balakhany, 
Romanovka,  Buxovna) 

Troltsko- Anas tea 1 yevka  oil 
of  IV  level  of  Krasnodar 

Kray  deposit 

oil  distillate 
300-400* C 

acid  contact 

MK-6 

oil  distillate 
of  narrow  frac¬ 
tional  composi¬ 
tion  320-370*C 

acid 

MS-6** 

Tuymazy  Devonian  petro leum 
of  the  eastern  deposit 

oil  dlstlllata 
of  narrow  frac¬ 
tional  composi¬ 
tion  300-370*C 

selective,  with 
phenol;  intensive 
dewaxing 

*  The  oil  contains  0.6X  antioxldaticn  additive  lonol. 

**  The  oil  contains  0.2X  antioxidation  additive  lonol. 

The  Preparation  of  Oils  of  Narrow  Fractional  Composition 
Work  has  been  accomplished  In  the  selection  of  the  optimum  fractional 
composition  for  MK-6  and  MS-6  oils.  The  nethod  of  selection  consisted  of  the 
following:  oil  distillates  were  prepared  under  laboratory  conditions  in  a 
vacuum  for  narrow  fractions  and  after  studies  of  the  viscous  properties  of 
these  frsctlons,  mixtures  were  prepared  satisfying  the  requirements  for 
minimum  volatility  and  possessing  a  mildly  sloping  viscosity-tamperature 
curve.  In  preparing  oils  of  narrow  fractional  composition  it  is  most 
advantageous  to  employ  the  maximum  possible  number  of  initial  distillation 
fractions. 

In  order  to  obtain  oils  of  narrow  fractional  composition,  oil  refineries 
employ  devices  for  precise  rectification  of  oil  fractions  [29,  30). 
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Figure  18.  The  fractional  conpoaltion  of  diffarent  specimens  of 

MC-8  oil:  1,  Lov-boillng  fraction;  2,  Medlta  fractions; 

3,  High -viscosity  heavy  fractions 

HJC-6  oil.  This  oil  la  prepared  by  naans  of  sulfuric  acid  cleaning  of  an 
oil  distillate  of  narrow  fractional  coaposltlon,  obtained  froa  Troitsko- 
Attest  as 'yevka  crude  of  the  IV  level  of  the  Krasnodar  Kray  deposit.  This 
crude  has  high  quality  and  la  nonparaf f inaceoua .  nonsour  and  is  highly 
aroint  tied  (it  contains  up  to  AOZ  of  arosMtlc  hydrocarbons)  with  a  low  pour 
point.  The  lack  of  paraffins  pernlta  obtaining  fron  this  crude  without 
dewaxing  low  pour  point  oils  of  the  transformer ,  capacitor  and  other  types 

131). 

The  properties  of  the  MK-6  oil  obtained  froa  this  crude  are  eabodled 
in  the  selection  of  a  distillate  of  specified  fractional  conpoaltion, 
which  determines  the  optimum  low-temperature  properties  end  the  lowest 
volatility  of  the  oil,  and  also  by  tha  aelactlon  of  the  cleaning  depth  of  the 
distillate  by  sulfuric  acid.  With  deeper  sulfuric  acid  cleaning,  the 
viscosity-temperature  characteristics  of  the  MC-6  oil  Is  improved  as  a 
result  of  the  removal  of  aromatic  hydrocarbons,  but  oxidation  stability 
falls.  Investigations  have  revealed  [32]  that  In  order  to  obtain  KK-6  oils 
with  optimum  properties,  their  fractional  composition  must  be  within  tha 
range  320-370*C,  and  cleaning  must  be  accomplished  with  s  6Z  quantity  of  96Z 
sulfuric  acid. 


MS-6  oil.  This  oil  is  obtained  froa  sour  Tuymazy  crude  from  the  eastern 
deposit.  Notwithstanding  the  high  content  in  eastern  crude  oils  of  paraffin 
hydrocarbons  and  sulfur  content!  they  nay  be  employed  for  the  manufacture  of 
low-viscosity  low  pour  point  oils.  The  MS-6  oil  is  obtained  by  means  of 
solvent  treating  of  the  distillate  with  phenol  (the  ratio  of  phenol  to  crude 
is  2:1)  with  subsequent  deep  dewaxing  of  the  raffinate  obtained  in  an 
acetone- toluene  solution  with  a  final  cooling  temperature  of  -65*C  [33,  34]. 
Further,  the  oil  is  subjected  to  secondary  rectification  with  the  aim  of 
narrowing  the  fractional  composition.  The  optimal  fractional  composition  of 
the  MS-6  oil  is  established  as  300-370*C.  In  order  to  Improve  the  thermal 
oxidation  stability  in  the  MS-6  oil,  0.22  antioxidation  additive  Ionol  is 
Introduced. 

It  should  bo  noted  that  only  by  narrowing  the  fractional  composition  of 
the  distillate  of  Tuymasy  crude  are  we  successful  in  obtaining  an  oil  with  a 
pour  point  of  -55  to  -57*C  for  acetone-toluene  solution  dewaxing.  In  the 
case  of  the  usual  fractional  composition  (300-400*0 ,  oil  with  a  pour  point 
of  -55*C  may  be  obtained  only  with  the  use  of  scarce  methylethyl  ketone. 

Thus  narrowing  of  the  fractional  composition  permits  us  to  draw  into  the 
production  of  TRD  oils  the  broad  resources  of  eastern  crude.  The  basic 
properties  of  petroleum-based  TRD  lubricants  are  shown  in  Table  8. 

The  MK-6  and  MS-6  oils  in  comparison  with  thaMK  -8  oil  possesses  better 
operating  properties,  including  lower  viscosity  at  -40*C,  a  smoother 
viscosity-temperature  curve  and  a  lower  pour  point. 

Type  MK-8  oils.  Recently  investigations  have  beer,  conducted  in  the  USSR 
in  connection  with  the  possibility  of  obtaining  low  pour  point  oils  of  the 
MK-8  type  from  domestic  crude  oils  previously  not  employed  for  these 
purposes.  In  1958  at  the  AsNII  HP  [35]  [Aserbaydshan  Scientific  Research 
Institute  for  Petroleum  Processing]  the  MK-8  oil  of  narrow  fractional 
composition  was  obtained  from  a  mixture  of  Balakhany  and  Romanovka  crude  oils 
by  meana  of  acid-contact  cleansing  of  narrow  fractional  composition  compounds 
(60-70*0,  separated  by  secondary  distillation  of  KK-8  prepared  commercial 
oil  or  its  distillate.  In  both  cases  the  oil  displayed  insufficient  oxida¬ 
tion  stability.  This  may  have  been  caused  by  the  removal  from  the  product  in 
the  process  of  secondary  rectification  of  natural  antioxidant  agents,  which 
remained  in  the  heavier  fractions  of  the  distillate. 


Table 


.  Basic  Physicochemical  Properties  of  Domestic  TRD  Petroleum  Oils 


1 - 

OIL 

Indicator 

MK-6 

(OOST 

6457-66) 

MK-8p 

(OOST 

6457-66] 

Trans¬ 
former 
(982- 
56)  . 

MK-6 

:i0328- 

63) 

MS- 6 

:oost 

L1552- 

65) 

Kinematic  viscosity,  cs 

at  50°C  . . . 

Min  8.3 

min  8.3 

max  9-6 

6. 0-6. 3 

19 

6 .0-6.3 

at  20°C,  maximum  . 

30 

30 

37.3 

18 

at  -4o°C .maximum  . 

Approx . 
8500 

_ 

_ 

3300 

1700 

Kinematic  viscosity  ratio  at 
-20°C  and  50°C,  maximum  . 

60 

60 

46.5 

30» 

Acid  No.,  mg  KOH/g,  maximum  ... 

0.04 

0.04 

0.05 

0.04 

-.04 

Kinematic  viscosity  at  —  *l0oC 
after  evaporation  (In  accord¬ 
ance  with  GOST  10306-62)  for  2 
hr  at  150°C;  air  delivery  rate 
1.5  t/mln  and  residual  pressure 
198  mu  Hg,  cs,  maximum . 

j 

5600 

not  eat 
abll~he 
deter- 
ninatlo 
Is  re¬ 
quired 

Stability  after  oxidation  •* 
quantity  of  deposits,  t  max. 

0.1 

0.15 

mm 

0.1 

not 

avail- 

Acid  No.  mg  KOH/g,  maximum  ... 

0.35 

0.60 

0.35 

0.35 

able 

0.15 

Ash  content,  l  maximum  . 

0.05 

.05 

0.05 

0.05 

0.005 

Contents 

eulfur,  t  maximum  . 

0.14 

0.14 

__ 

0.14 

0.7 

watce-soluble  acid  and  alkali 

mechanical  Impurities  . 

water  . 

Tempera t ure ,  °C 

flash  point,  determined  in  a 
closed  crucible,  minimum . 

135 

not  av 
r 

135 

allable 

135 

140 

140 

pour  point,  maximum  . 

-55 

-55 

-45 

-60 

-55 

Alkali  test  with  acidification 
points ,  maximum  . . . 

2 

2 

— 

2 

Aniline  point,  °C  minimum  . 

79 

79 

- 

60 

80 

Corrosion  on  Cl  or  C2  type  lead 
plates  (In  rccordance  with  OOST 
3778-56),  g/m,  maximum  . 

. 

30 

5 

Density  at  20°C,g/em^,  maximum 

0.885 

0.885 

- 

0.90 

0.860 

*  According  to  statistical  data 

* 

••  The  stability  of  the  MX-8p  oil  la  determined  in  accordance  with  a 
strict  method  in  the  VTI  [expansion  of  this  abbreviation  unknown]  In 
accordance  with  DOST  981-55  at  175°C  and  with  a  rate  of  air  delivery 
to  the  tube  of  j  t/hr. 


The  authors  have  noted  [35]  that  during  mazut  distillation  for  narrow 
fractions  with  subsequent  acid-contact  cleaning,  it  is  possible  to  obtain 
oils  which  comply  with  the  thermal  oxidation  stability  requirements  of 
GOST  6457-66.  The  quality  of  the  MK-8  o:*l  and  all  of  the  samples  described 
below  is  shown  in  Appendix  1. 

According  to  data  from  other  investigators  [32],  the  thermal  oxidation 
stability  of  the  oil  does  not  noticeably  decrease  after  the  secondary 
distillation.  Thus  KK-6  oil  of  narrow  fractional  composition  (325-375*0, 
cbtalneo  by  distillation  of  MK-8  oil  (270-420*0  from  Balakhanv  petroleum  <u  ! 
in  a  secondary  rectification  device,  contains  approximately  302  of  the 
initial  MK-8  oil;  in  pour  point,  smoothness  of  the  viscosity-temperature 
curve  and  other  properties  MK-6  oil  surpassed  the  initial  MK-8  oil  and  in 
thermal  oxidation  scab  ill ty  satisfied  the  requirements  of  GOST  6457-66. 

MS-6  oil  is  obtained  from  Kazakh  and  Shakopovo  crude  [36]  by  means 
of  cleaning  of  the  distillate  (290-360*0  having  a  viscosity  of  50*C  of 
5. 6-6.1  cs  with  phenol  (from  80  to  3002  by  weight  of  the  source  material),  by 
dewaxing  in  an  acetcne-toluene  solution  with  a  filtration  temperature  of 
-60* C  and  e  fine.1,  contact  cleaning  with  72  Sarny  earth.  After  a  secondary 
distillation  with  the  aim  of  narrowing  the  fractional  composition  and  the 
introduction  of  0.152  of  ronol,  ar.  oil  is  obtained  which  satisfies  the 
requirements  of  GOST  11552-65. 

In  order  to  study  the  possibility  of  obtaining  type  MK-8  oil  from 
Anaatas'yevka  crude,  in  the  laboratories  of  several  petroleum  refineries  MK-8 
oil  distillate*  from  the  seme  crude  were  cleaned  with  different  quantities  of 
sulfuric  a;  1th  the  rim  of  clarifying  the  influence  of  derrp  cleaning  of 
the  oil  on  its  low-temperature  and  antioxidant  properties  [31].  The  results 
were  that  with  the  usual  le-fd  of  cleaning  of  the  dlrcllxates  w.ch  6-102  of 
aulfurlc  add  with  a  strength  of  94-982,  it  was  not  possible  to  obtsln  a 
standard  oil,  since  after  such  a  cleaning  the  oil  was  characterized  by  a  high 
viscosity  ratio  ar  -20*C  and  50*C,  by  increased  density,  and  a  low  aniline 
point.  In  addition,  the  oil  had  high  viscosity  at  -40cC  (Table  9),  which 
deteriorated  the  starring  characteristics. 

Under  deep  cleaning  conditions  using  502  sulfuric  ar.ii,  all  of  the 
indicators  eauha.'Sted  correspond  to  tht  requirements  of  G05T  6457-53,  escept 
for  oxidation  svafility,  which  deteriorates  noticeably  in  proportion  to  the 
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depth  of  the  oil  cleaning.  However,  with  the  introduction  of  0.2Z  of  lonol 
stability  of  the  oil  reaches  the  level  of  MK-8  oil. 


2)  dewaxing  of  the  distillate  of  broad  fractional  composition  (300- 
380*0  having  a  viscosity  (at  50  C)  of  5.7  cs  is  accomplished  with  crystal 
carbamide. 

In  order  to  raise  the  viscosity  and  to  reduce  the  pour  point,  1Z 
polymethylcrylate  or  0.5X  polysethylcrylate  and  polyisobutylene  are  Introduced 
into  the  oil. 

MK-8  oil  may  be  obtained  from  heavy  Malgobek  (38]  by  dewaxing  a 
distillate  of  narrow  fractional  composition  (320-380*0)  with  crystal 
carbamide  and  cleaning  with  2,53  sulfuric  acid. 

This  short  gunnery  in  the  methods  of  obtaining  petroleum  oils  for  TRD 
applications  reveals  that  type  MK-8  oils  may  be  obtained  from  various 
domestic  crudes  by  means  of  selecting  oil  distillates  of  optimum  fractional 
composition  and  by  their  deep  cleaning  with  sulfuric  acid,  by  solvent  or 
carbamide  cleaning,  or  by  a  combination  of-  these  methods. 

MK-8p  oil.  In  a  TRD,  where  the  oil  temperature  at  the  engine  input  and 
output  attains  values  of  the  order  of  120  and  150*C,  respectively,  MK-8  oil, 
Just  as  other  distillate  oils  without  additives,  shows  Intense  oxidation. 

Since  the  deposit  of  intensive  oxidation  products  interferes  with  engine 
operation,  the  necessity  arose  to  Improve  the  thermal  oxidation  stability  of 
MK-8  oil. 

The  oxidation  stability  of  MK-8  oil  may  be  Improved  by  the  Introduction 
into  the  oil  of  the  antioxidant  additive  Ionol.  Of  the  laboratory  methods  of 
evaluating  the  thermal  oxidation  stability  of  TRD  petroleum  oils,  the  one 
most  clearly  reflecting  operating  conditions  in  an  engine  is  the  method  of 
intensive  oxidation  in  the  VTI  device,  in  which  the  oil  is  oxidized  for  10  hr 
at  175*C.  Into  each  teat  tubs  air  is  delivered  ar  the  rate  of  3  i/hr; 
copper  and  steal  balls  serve  as  oxidation  catalysts. 

Tests  made  In  accordance  with  this  method  of  the  MK-8  oil,  both  in  Its 
pure  fora  and  wlch  the  addition  of  Ionol,  reveal  thst  Ionol  is  s  sufficiently 
effective  antioxidant  additive;  with  its  introduction  into  the  oil  In  a 
quantity  of  0.6Z  by  weight,  the  acid  n«b«r  after  oxidation  becomes  two- 
thret  times  less,  and  the  deposits  four-five  times  less  than  without  the 
additive.  Thus  for  an  oil  specimen  having  after  oxidation  an  acid  number  of 
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X.S8  mg  KOH/g  and  1.34Z  of  formed  deposits,  after  Introduction  of  0.6Z  lonol 
thaae  Indicator#  were  reduced  to  0.12  ag  KOH/g  and  0.04Z,  respectively. 

Different  commercial  batches  of  MK-8  oil  have  different  lonol  auscept- 
lbillties,  but  on  the  average  the  introduction  of  0.6Z  lonol  into  the  oil 
gives  t  noticeable  antioxidant  effect  (Table  10). 

Table  10.  The  Influence  of  lonol  on  the  Thermal  Oxidation  Stability 

of  MK-8  Oil 


Commercial 

Thermal  oxidation  stability 

batches  of 

Acid  No. ,  mg 

KOH/g 

Quantity  of  deposits  *  by 

MK-8  oil 

wei 

_ 

■■ 

lith  0.6* 

no 

With  0.6* 

additive 

lonol 

additive 

lonol 

1 

0.93 

0.50 

1.08 

0.28 

2 

0.83 

0.19 

0.87 

0.02 

3 

0.75 

0.42 

1.00 

0.10 

it 

1.67 

0.30 

1.58 

0.05 

5 

0.87 

0.18 

0.B2 

0 .03 

The  results  of  laboratory  tests  of  the  MK-8  oil  with  0.6Z  lonol  were 
confirmed  during  engine  tests,  and  thin  ell  began  to  be  employed  for  therm¬ 
ally  stressed  TRD  installations.  Subsequently  this  oil  was  designated  as 
MK-8p. 

In  order  to  mix  the  MK-8  oil  with  lonol  a  10Z  lonol  concentrate  in  oil 
la  prepared  first  at  a  temperature  of  70-80*C  and  the  mixture  is  agitated. 
Then  the  concentrate  is  dissolved  in  oil.  The  prepared  oil  ia  filtered. 

It  is  possible  to  obtain  lubricants  which  are  more  oxidation  resistant 
chan  MK-8  and  other  petroleum  oils  by  the  introduction  of  a  complex  of 
thickening,  anti-wear  and  antioxidant  additives  into  a  well-cleaned  petroleum 
base  of  the  MK-8  type.  The  application  in  thermally  stressed  TRD  installa¬ 
tions  of  such  lubricants  must  be  quite  promising. 
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Synthetic  Oils 

Esters  of  mono-  and  dicarboxylic  adds  have  been  well  studied  abroad  as 
synthetic  lubricating  materials  [39-43]  and  have  been  employed  in  those  cases 
when  petrolaua  oils  have  not  provided  reliable  lubrication  for  aviation  gaa 
turbine  engines. 

Production 

The  use  of  synthetic  lubricants  has  begun  in  the  USSR  in  recent  years 
[44].  The  first  experimental-industrial  Installation  for  the  production  of 
svnthetlc  lubricants  on  the  basis  of  esters  of  carboxylic  acids  was  created 
in  1961  [45]. 

Esters  are  obtained  by  the  interaction  of  acids  and  alcohols  under 
atmospheric  pressure  within  the  temperature  range  of  140-225* C  and  in  the 
presence  of  zinc  oxide  as  a  catalyst.  Sulfuric  and  other  acids  may  also  be 
employed  as  catalysts.  In  the  Soviet  Union  pentaerythritol  esters  of 
synthetic  fatty  acids  with  the  number  of  carbon  atoms  C^-C^  are  produced  [39] 
in  the  presence  of  zinc  oxide.  Since  this  process  of  esterification  is 
cumbersome  and  is  not  without  technical  shortcomings,  in  order  to  obtain 
esters  of  the  adds  and  alcohols  indicated,  an  improved  process  [39-40]  was 
suggested  in  which  zinc  oxide  was  replaced  with  ion  exchange  resins  —  cation 
exchange  resins  of  a  sulfonated  copolymer  of  styrene  and  dlvlnylbenzene 
(KU-2  and'AV-17  exchange  realns).  According  to  foreign  references  [46], 
cation  exchange  resins  have  long  been  employed  for  this  purposs. 

Mono-  and  dicarboxylic  acid  esters  with  monatomic  or  multlatomlc 
alcohols  have  good  qualitative  characteristics,  and  di-2-ethylhexyl  ester  of 
sebaclc  acid  as  s  base  for  synthetic  lubricating  oil  In  comparison  with 
esters  of  other  double-base  acids  has  optimum  viscosity-temperature  proper¬ 
ties  [39]. 

The  Introduction  into  dicarboxylic  acid  esters  and  pentaerythritol 
esters  (or  in  a  mixture  of  these  with  dlethylhexyl  esters)  of  antioxidant, 
anti-wear  and  other  additives  results  in  obtaining  synthetic  oils  of  types  1 
and  2,  the  properties  of  which  are  shown  in  Tables  11  [47]  and  12  [48], 
respectively.  Depending  on  oil  composition,  type  2  may  be  a  single  or  two- 
component  oil. 


Table  11.  The  Physicochemical  Properties  of  Type  1  Synthetic  Oils, 
_ Prepared  on  a  Dlester  Base 


Indicator 


g  i 

O  IT- 
tUG 
U  I 
4*  a- 
0  o  ovo 

rl  tIH 
BH  a  I 
*)CMH 

C  3  I 
0  Q.HCO 
B  ai  ctcn 
V  tn  O 
f.  t, 

•H  4J  C  W 

o  -p  r.  c 
cr  c  o  o 

W  H  0>  -H 
C  i—iE-i  *) 


Test  Results 

Specimen 

Specimen 

1 

2 

3.29 

3.30 

1646 

1640 

8770 

9200 

-60 

212 

214 

0.14 

0.13 

9.0 

9.3 

5.9 

_ 

11000 

- 

0.921 

0.03 

p.04 

[Kinematic  viscosity,  cs 

at  100°C,  minimum  . . . , 
o. 


at  -••o  C,  maximum 
at 


fTerape  ature,  C 

pour  point ,  maximum  . 

flash  poln*  In  an  open  crucible,  min 
Acid  No.,  mg  KOH/g,  maximum  . . 

Oxidation  stability  at  175°C  after  72  hr 

viscosity  change  at  100°C,  t  maximum 
corrosion  of  steel,  aluminum,  magnes-] 
lum  alloy,  silver  and  copper  plates, 

2 

g/m  ,  maximum  . . . 

[viscosity  stability  at  ~54°C 

viscosity  change  after  a  holding  tlme{ 

of  3  hr,  f,  maximum  . . 

viscosity  after  holding  time  of  3  hr 

.  cs,  maximum, . 

Density,  g/cm  ,  maximum  . 

Saponification  No.,  mg  KOH/g,  minimum 

Ash  content ,  %  ,  maximum  . 

Mechanical  Impurities .water,  water- 
joluble  acid3  and  alkali  content 


3.2 

2000 

.1000 

-hi 

20 4 

.22 

10.0 

+0.2 

6.0 

11700 

0.926 

235 

0.04 


Not  Available 


Operating  Properties 

It  hoe  been  revealed  by  lnveatlgatlona  that  olla  baaad  on  dlesters  in 
all  propertlaa  (thermal  oxidation  stability,  corrosion  properties  and  change 
In  vlacoalty)  are  efficient  to  approximately  175*C.  However,  while 
distinguished  by  good  antioxidant  ateblllty  in  volume ,  they  are  not 
efficiently  stable  in  a  thin  flla.  During  oxidation  up  to  200*0  (SO  hr) 
and  ahort-tenn  oxidation  up  to  730*C  (10  hr),  theae  oils  maintain  a  high 
stability  with  respect  to  sedimentation,  but  alraady  have  high  acidity.  It 
la  significant  that  the  viscosity  at  -40*C  of  type  1  oils  as  a  result  of 
their  oxidation  at  200*C  Increases  sharply  (from  1640  to  5250  cs). 


Table  12.  The  Physicochemical  Properties  of  Type  2  Synthetic  Oils 
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Table  12.  (continued) 


Based  on  thermal  oxidation  stability,  the  Unit  of  the  operating 
capability  of  type  1  oils  must  be  considered  to  be  a  temperature  of  not  more 
than  175*C.  In  quality  the  domestic  type  1  oils  comply  with  the  requirements 
of  the  American  specification  MIL-L-7808,  and  in  certain  characteristics  they 
surpass  the  oil  of  the  USA  (for  example,  turboll  15). 

Two-component  type  2  synthetic  oil  is  sufficiently  stable  for  50  hr 
at  a  temperature  up  to  200#C  and  on  a  short-term  basis  (10  hr)  is  stable  to 
225  and  even  to  250*C.  In  this  respect  it  surpasses  type  1  oil  somewhat. 
After  oxidation  at  225®C,  the  viscosity  of  type  2  two-component  oil  at  -4C°C 
may  increas  e  from  3980  to  12,800  cs,  and  therefore  this  oil  is  efficient  only 
to  175-200*C.  After  oxidation  of  oils  Of  this  type,  they  are  significantly 
characterised  by  the  appearance  of  deposits  not  soluble  in  lsooctane.  In 
the  USA  the  stability  of  synthetic  oils  of  this  type  la  not  evaluated  by 
deposits,  but  by  several  other  indicators  [49]. 

In  thermal  oxidation  stability,  single-component  type  2  oil  is  close  to 
two-component  oil.  In  the  process  of  operation  at  Increased  temperatures, 
oils  of  this  type  are  inclined  toward  the  formation  of  deposits  in  sump  arsss 
of  engines  and  other  mechanisms.  By  introducing  antlcxldatlon  aaddltives 
into  the  oil  it  is  possible  to  avoid  the  appearance  of  these  shortcomings  and 
at  the  same  time  to  improve  significantly  the  anticorrosion  properties 
(Table  13). 

Synthetic  type  1  oils  and  two-component  type  2  oils  have  a  smoother 
viscosity-temperature  curve  than  petroleum  oils.  Single-component  type  2 
oils  possess  a  higher  initial  viscosity  at  100*C  than  two-component  oils; 
therefore  their  viscosity  at  -40*C  attains  values  of  the  order  of  12,000- 
12,500  cs.  These  oils  are  distinguished  by  high  durability  and  work  well 
under  conditions  of  high  loads  on  rubbing  parts. 

Synthstlc  oils  in  comparison  with  petroleum  oils  have  higher  anti-wear 
properties.  For  example,  at  100'C  they  are  characterized  by  the  following 
critical  oil  film  destructive  loads,  obtainsd  on  a  four-ball  machine  (in  kg): 


type  1  oil  .  54 

type  2  oil 

two-component  . . 511 

single-component . 100 

MK-8  petroleum  oil  .  36 
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350°C 

300°C 

350 

5  hr 

10  hr 

5 

Quantity  of  deposits,  t  .  0.05  0.1^5 

Acidity,  mg  KOH .  0.72  12. 1& 

Corrosion  i 

*1-3*7  steel,  g/m2  .  ~27-5  "3°-C  Not  av*llable 

AK-5  aluminum  .  Not  available 

luantity  of  deposits  on  the  after  3  1  i 

nstrument  after  oxidation  . . .  low  I  hr  j 

device  i  * 

i  Was  cloggep  Not  available 

The  results  of  investigations  reveal  that  type  2  synthetic  oils  have  the 

sane  anti-wear  and  antl-selze  properties  at  200"C  as  MK-8  petroleum  oil  at 
100*C.  For  type  1  oils  obtained  on  the  basis  of  diesters,  the  lubricating 
capability  at  increased  teaperatures  (155-200’C)  drops  sharply.  Due  to  the 
high  anti-wear  properties  and  good  durability,  slngle-conponent  type  2  oils 
are  successfully  eaployed  for  the  lubrication  of  heavily  stressed  gear 
reducers. 

A  significant  shortcoming  of  synthetic  oils  for  TXD  applications  is 
their  corrosive  Influence  on  some  metals  (copper,  copper  alloys,  magnesium 
alloys,  etc.),  and  also  the  noticeable  disintegration  at  Increased  temper¬ 
atures  of  gaskets  and  seals  of  commercial  rubber.  Therefore  during  the  use 
of  synthetic  oils  in  TKD  installations,  it  is  recommended  that  metals  be 
protected  by  means  of  various  anticorrosion  coatings  and  that  oil-resistant 
aviation  rubbar  of  special  types  ba  employed. 
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CHAPTER  FOUR 

THE  FRACTIONAL  COMPOSITION  AND  VAPORIZABILITY  OF  PETROLEUM  OILS  FOR 

TURBOJET  ENGINES 

The  Fraction* 1  Composition 

Such  basic  charactarlatica  of  olla  as  volatility,  vaporizabillty  in  the 
engine,  viscosity,  low- temperature  and  other  indicator.*  depend  on  the 
fractional  composition  of  lubricating  oils  for  TRD  applications.  During 
vaporization  of  the  oils,  as  a  result  of  which  the  low-boiling  fractions  are 
volatilized  first  of  all,  the  indicated  characteristics  change. 

The  more  jnifonn  the  composition  of  Che  lubricating  oil,  l.e.  the 
narrower  the  temperature  region*  in  which  it  is  extracted,  the  smoother  will 
be  the  viscosity-temperature  curve.  Therefore  if  the  viscosity  curve  has  any 
practical  significance  for  lubrication,  oils  with  a  more  uniform  fractional 
composition  must  be  employed  [50].  Individual  hydrocarbons  or  petroleum 
fractions  extracted  in  an  extremely  narrow  range  of  temperatures,  for 
example,  within  the  range  3-5*C  may  serve  as  an  ideal  example  of  a  petroleum 
oil  with  an  absolutely  stable  fractional  composition. 

It  has  already  been  established  [30]  that  MK-8  oil  and  also  transformer 
oil  from  the  Balakhany  petroleum  oil  have  a  wide  gractional  composition 
(Table  14). 

The  distillation  of  MR-8  oil  in  e  vacuum  revealed  (see  Figure  18)  that 
It  consiata  of  up  to  15Z  of  low-boiling  fractions.  During  the  vaporization 
of  these  fractions  in  the  engine,  the  oil  viscosity  increases  sharply  (at 
-40*C  it  increases  4-5  times).  The  fractional  composition  of  several 
petroleum  oils  (the  boiling  point  of  5Z  by  volume  of  the  fractions),  obtained 
by  mesne  of  laboratory  distillation  with  a  residual  pressure  of  2-3  am  Hg,  is 
shown  in  Table  IS. 
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Tabl«  14.  The  fractional  Composition  of  Petroleum  oils 
for  TtD  Application  (Average  Indicators) 


Oil 

Boiling 

Jimits 

Boiling 

gange 

MK-8 

260-ftJ)0 

180 

Transformer 

260-^  1)0 

180 

MK-6 

330-380 

50 

MS- 6 

305-370 

65 

Teble  15.  The  Fractional  Compoaltlon  of  MX-8  and  MS-6  Oils 


Fraction 

number 

Boiling  point  °C 

i 

Fraction 

number 

Boiling  °C 

1 

MK-8  oil 

MK-8  oil 

Specimen 

1 

Specimen 

2 

Specimen 

1 

Specimen 

2 

B 

2G3 — 314 

344 — 324 
324—379 
379-332 
312-335 

337 — 340 

340 — SC 
3*3-341 

34* — 350 

270-1317 

3)7—326 

326—330 

330-334 

334-337 

337-340 

340-343 

343 — 347 
347-350 
350-355 

300-323 
323-335 
335-341 
341-344 
344—340 
545 — 345 
343-350 

350— 351 

351- 353 
*51 — 364 

It 

M 

13 

8 

16 

17 

>1 

19* 

» 

350-356 

356-360 

360-363 

363-375 

375—336 

386-395 

395-407 

407-424 

above 

355—361 
361— 363 
368-376 
370-3*5 
355-  391 
304-403 
406-420 
420-440 
above  440 

354- 355 

355- 358 
353-360 
360—353 
362-366 
366-370 
370-375 
375-360 

jbOVC380 

The  selection  of  the  optimum  fractional  coeipositlon  of  petrolei*  oils 
for  TRD  applications  la  achieved  In  son*  cases  by  the  inclusion  in  them  of 
middle  fractions  of  a  distillate  of  narrow  fractional  coeipositlon;  these 
fractions  have  a  more  smoothly  sloping  viscosity-temperature  curve  (for 
•***Pl*»  that  for  MK-6  oil);  In  other  cases  this  Is  aceo4Spllehed  by  nwana  of 
removing  from  the  oil  composition  the  heavy  hlgh-viacoslty  fraction 
(MS-6  oil),  irfileh  also  provides  the  oil  with  a  smoothly  sloping  viscosity- 
temperature  curve. 
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It  Is  apparent  from  Table  8  (Chapter  Three)  that  MK-6  and  MS-6  oils  of 
narrow  fractional  composition  in  comparison  with  MR-8  oil  have  a  signif¬ 
icantly  smoother  viscosity-temperature  curve,  a  lower  pour  point  and  after 
vaporization,  their  viscosity-temperature  properties  remain  stable. 

Figure  19  indicates  the  improved  viscosity  properties  of  oils  with  a  narrow 
fractional  composition. 


Fraction  number 

Figure  19.  The  viscosity-temperature  characteristics  of  petroleum 
oils  of  different  fractional  composition: 

Oils  of  broad  fractional  composition:  1,  Experimental  MK-8  oil 
of  Troitsko-Anastas'yevka  crude;  2,  MK-8  oil  from  Baku  crude; 

3,  Transformer  oil  from  sour  crude.  Oils  of  narrow  fractional 
composition:  4,  MK-6  from  Anastas 'yevks  crude;  S,  MS-6  from 
sour  crude;  6,  MS-6  from  Baku  crude 

The  method  of  narrowing  the  fractional  composition  permits  us  to  obtain 
TRD  oils  from  crude  oils  which  were  previously  not  employed  for  these 
purposes  (Anastas'yevka,  Tuymazy,  etc.).  The  basic  advantage  of  oils  of 
narrow  fractional  composition  is  stability  in  viscosity,  low-temperature  and 
other  properties  after  partial  vaporization.  The  initial  viscosity  of  MK-6 
and  MS-6  oils  is  somewhat  lower  than  MK-8  oils;  however,  their  lubricating 
capability  in  this  connection  is  not  reduced.  ‘ 

For  synthetic  oils,  the  base  of  which  is  composed  of  individual  chemical 
products  or  their  mixtures,  the  concept  of  fractional  composition  practically 
losa^  its  significance. 

f 

Methods  of  Determining  Fractional  Composition 
The  fractional  composition  of  oils  is  usually  determined  by  means  of 
their  vacuum  distillation  (a  residual  pressure  of  3-4  mm  Hg)  in  e  Klyayzen 
flask  with  a  dephlegmator.  For  e  more  detailed  investigation  of  fractional 
composition  the  oil  is  distilled  into  fractions  comprising  5X  by  volume. 
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and  distillation  curves  are  plotted  with  boiling  point  —  number  if  fractions 
or  with  boiling  point  —  viscosity  as  the  coordinates.  Fractional  composi¬ 
tion  Is  also  determined  by  the  Bogdancvich  vacuum  method,  which  does  not 
fundamentally  differ  from  the  method  described  above. 


The  vacuum  distillation  of  oils  is  an  operation  which  Is  long  and  rather 
time- consuming,  since  establishing  the  Initial  boiling  point  and  the  end 
point  of  the  oil  la  quite  difficult.  However,  it  Is  these  very  indicators 
uhleh  are  quite  important  ourlng  plant  control  over  the  fractional  composi¬ 
tion  of  the  oils  prepared.  The  thln-fllm  vaporization  method  (GOST  8674-581 
has  significant  Interest  for  a  comparative  evaluation  of  fractional  compo¬ 
sition  of  oils.  The  vaporization  curves  of  various  MK-8  oil  fractions 
(Figure  20  a)  obtained  by  this  met  hoc.  are  situated  on  the  graph  in  agreement 
with  their  boiling  limits  during  vacuum  distillation;  they  differ  signif¬ 
icantly  from  each  other  In  initial  boiling  point  and  end  point.  It  la 
possible  to  determine  rather  quickly  with  this  method  and  with  minimum 
product  expenditures  the  difference  in  the  fractional  composition  of  oils  of 
both  petroleum  and  synthetic  origins  (Figure  20  b  and  Table  16). 

Table  16.  The  Fractional  Composition  of  TOD  011a  Established  By 
the  Thln-Film  Vaporization  Method  (GOST  8674-58) 


Ml 

Quantity  oT  vaporized 
at  temperatures ,  °C 

oil. 

E 

B 

s 

B 

B 

B 

B 

B 

B 

B 

B 

MB' 

MS- 6 

m 

n 

m 

48 

m 

» 

100 

H 

B 

B 

MK-8 

MK-6 

‘  4 

12 

n 

48 

67 

91 

B7 

98 

ffl 

— 

— 

— 

S 

>6 

ai 

S3 

B3 

100 

** 

** 

” 

synthetic  oil  based  on 
dlesters  * 

— 

— 

•i 

a 

a 

11 

13 

49 

98 

98 

99 

9* 

synthetic  oil  based  on 
pentaerythritol 
eaters  • 

I 

a 

1 

14 

10 

as 

ei 

16 

93 

B 

tr 

•  The  data  are  obtained  as  a  result  of  the  vaporization  of  a 
weight  of  oil  in  time.  56 


Figure  20.  The  fractional  composition  of  oils:  a,  MK-8,  deter¬ 
mined  by  the  thln-film  vaporization  method.  The  fractions  were 
obtained  by  vacuum  distillation  at  the  following  temperatures 
(in  *C) :  1,  263-324;  2,  324-329;  3,  337-343;  4,  343-350; 

5.  350-360;  6,  360-375;  7,  375-395;  8,  375-395;  8,  395-407; 

9,  424  and  above,  b.  Various  TRD  oils  obtained  by  the  thln-film 
vaporization  method;  1,  MK-6;  2,  MS-6;  3,  MK-8;  4,  Synthetic 
oil  basud  on  diesters;  5,  Synthetic  oil  based  on  pentaerythritol 
eaters 

Therefore  the  thln-film  vaporization  method  for  oils  (GOST  8674-58) 
permits  us  to  distinguish  oils  clearly  a.id  to  establish  deviations  in  frac¬ 
tional  composition  during  their  production. 


Vaporizablllty 

As  we  have  already  pointed  out,  oil  vaporizablllty  depends  on  its 
fractional  composition;  in  addition  to  a  value  for  the  total  oil  losses  in  an 
engine,  it  characterizes  a  change  in  oil  quality,  since  during  oil  vapor¬ 
ization  the  low-boiling  fractions  are  volatilized  first.  The  nature  of  the 
change  in  the  oil  composition  curve  for  MK-8  oil  during  TRD  operation  is 
t  town  in  Figure  21,  from  which  it  is  obvious  that  the  greatest  change  in  the 
fractional  comiositlon  of  the  oil  occurs  within  the  region  of  the  low- soiling 
fraction  (the  temperature  la  Increased  above  the  Initial  boiling  point  by 
60-70*0. 
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Driven  off,!  by  volume 


Figure  21.  The  fractional  composition  of  MX-8  oil  before  and 
after  TRD  operation:  1,  Fresh  oil;  2,  3,  011  after  engine  oper¬ 
ation  for  a  period  of  50  and  100  hr,  respectively 


vaporization ,hrs . 


Figure  22.  The  Influence  of  the  quantity  of  bubbled  air  on 
the  vaporlzabillty  of  HK-8  oil  at  150*C.  Residual  pressure  In 
the  device  la  198  an  Hg.  1,  2,  The  quantity  of  air  is  1.5  and 
0.2  t/mln,  respectively. 

The  Initial  boiling  point  of  MK-8  oil  la  260-270*0.  In  the  engine  the 
teeperaturo  does  not  attain  this  value,  but  nevertheless  the  oil  vaporises  In 
the  engine.  In  the  procase  of  operation  air  Is  bubbled  through  the  oil;  this 
air  penetrates  the  lubricatlor  aystee  of  the  engine  and  also  Is  dispersed 
during  operation  In  the  gear  assemblies,  bearings  and  at  the  output  of  the 
oil  Injector  jet.  Aa  a  result  part  of  the  oil  In  an  operating  angina  Is  In 
the  fora  of  an  oll-alr  mixture  or  an  oil  slat.  This  contributes  to  a 
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significant  increase  in  the  oil  vaporization  surface  and  to  the  loss  of  the 
vaporized  portion  of  the  oil  through  the  engine  breathing  system. 

The  results  of  laboratory  testa  confirm  the  decisive  Influence  of  the 
degree  of  air  bubbling  of  the  oil  and  of  the  temperature  on  oil  vaporization. 

It  ia  apparent  from  Figure  22  that  oil  vaporization  is  directly 
dependent  on  vaporization  duration  and  rate  (quantity)  of  the  air  passed 
through  Che  oil. 

Notwithstanding  the  large  quantity  of  air  passed  through  the  oil 
(1.5'l/min  through  100  g  of  oil),  oil  vaporization  ia  not  significant  up  to  a 
temperature  of  80*C  (Figure  23).  It  has  been  established  that  at  75*C 
(1.2  i/hr  of  air  at  a  residual  pressure  of  198  aai  Hg)  oil  vaporization  does 
not  occur.  It  becomes  noticeable  at  100* C,  and  at  150*C  increases  by 
two-three  times.  This  explains  why  the  viscosity  of  MK-8  oil  during  oper¬ 
ation  in  the  first  types  of  dor 'Stic  TRD  installations  remained  practically 
unchanged.  The  intensive  vaporization  of  petroleum  oil  begins  at  temper¬ 
atures  of  approximately  120*C  and  above.  In  contemporary  TRD  installations 
the  oil  temperature  at  the  engine  output  is  not  less  than  120-130°C, 

which  cauaes  Its  Intensive  vaporisation. 


Duration  of  vaporization,  hrs . 

Figure  23.  Temperature  Influence  on  MK-8  oil  vaporization. 

The  quantity  of  air  is  1.5  l/min,  residual  presr-ie  198  mm  Hg: 

1,  2,  3,  4,  Vaporization  at  40,  83,  120  and  145*C,  respectively. 

An  Increase  In  the  vaporization  of  TRD  petroleum  oils  with  an  incre  le 
in  temperature,  just  as  for  all  liquids.  Is  caused  by  an  increase  In  the 
pressure  of  their  saturated  vapors. 
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It  hat  been  established  that  the  eetureted  vapor  pressure  of  American 
type  1010  oil  incree  us  sharply  at  temperatures  above  80*C,  and  that  the 
pressure  of  English  oil  of  the  DERD-2490  specification  Increases  at 
temperatures  above  150*C.  Temperatures  of  this  order  (temperatures  of 
Intensive  valorization)  for  the  petroleum  oils  Indicated  may  also  be 
tentatively  uccepted  for  domestic  petroleum  oils  vhlch  have  approximately  the 
seme  viscosity  level. 

The  vaporlzablllty  of  TRD  oils  must  be  minimal.  The  total  oil  consump¬ 
tion  In  these  engines  Is  composed  of  oil  losses  in  drop  form  through  the 
breathing  system  and  from  losses  as  a  result  of  vaporization  Itself. 

Therefore  an  Increase  In  the  viscosity  of  the  oil  in  an  engine  or  a  change  in 
the  fractional  composition,  which  la  established  by  means  of  the  selection 
and  analysis  of  samples  from  an  operating  engine,  may  se~ve  as  an  indirect 
Indicator  of  oil  vaporlzablllty. 

Operating  lubricating  oil  consumption  in  a  subsonic  TW>  on  the  average 
Is  0. 3-0.8  kg/hr;  the  authorlzjd  oil  consumption  according  to  specification 
is  up  to  1.5  kg/hr.  The  average  hourly  consumption  of  MK-6  oil  In  the  engine 
of  the  TU-104  aircraft  under  summer  conditions  for  500  hr  of  flight  operation 
fella  within  the  Unite  0.51-0.58  kg/hr. 

In  supersonic  TRD  Installations  where  oil  operating  temperatures  are 
higher,  synthetic  lubricants  are  employed  which  have  lower  vaporizablllty 
than  petroleum  oils  (Table  17). 

Methods  of  Evaluating  Vaporlzablllty 

In  the  USSR  oil  vaporlzablllty  for  the  AGTD  Is  determined  in  accordance 
with  COST  10306-62.  The  design  of  a  device  for  the  determination  of  oil 
vaporizablllty  In  accordance  with  this  GOST  Is  shown  In  Figure  24.  011 

(100  g)  Is  placed  in  the  glass  vaporizer,  which  has  a  device  at  the  bottom 
pert  for  elr  delivery  and  the  upper  part  is  equipped  with  a*  device  for 
drawing  off  oil  vapor;  connections  art  alao  made  here  to  the  vacuum  line  and 
to  the  thermometer  support.  The  vaporizer  la  placed  in  a  thermostat.  The 
design  of  the  device  includes  a  vacuum  pump,  a  flowmeter  for  measurement  of 
the  quantity  of  air  delivered,  and  a  refrigerator  for  tha  condensation  and 
collecting  of  oil  vapor.  The  oil  Is  vaporized  in  2  hr  at  e  specific 
temperature  (usually  at  150-175*C)  by  passing  through  it  1.5  liters  of  air 
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in  on*  minute  with  a  residual  pressure  on  the  oil  of  198  ma  Hg,  which  corre¬ 
sponds  to  the  pressure  *t  an  aircraft  flight  altitude  of  Id, 000  .  Oil 

vaporlzaKilty  ia  detecai *>«d  by  weighing  the  vaporizer  with  the  oil  before 
and  after  vaporization  and  is  expressed  as  a  percentage. 

Table  17.  The  Influence  of  Vaporization  Duration  on  Vaporizabllity 
and  the  Viscosity-Temperature  Characteristics  of  Oils* 
(Vaporization  Method  in  Accordance  with  GOST  10306-62) 


Kinematic  viscositv,  cs 

I  ' 


It  ha*  bean  established  that  the  use  of  a  vacuum  in  the  device  is  not 
required,  since  the  basic  Influence  on  the  vaporizabllity  of  oil  is  furnished 
by  the  quantity  of  sir  bubbled  through  it. 

This  method  permits  establishing  the  dependence  of  oil  vaporizabllity  on 
temperature,  vaporization  duration  and  other  factors  (so*  Table  17).  In  a 
two-hour  evaluation  of  lov-vlscoslty  TRD  petroleizs  oils  by  this  method,  the 
vaporizabllity  was  18-23Z,  and  for  domestic  synthetic  oils,  2-3X.  During 
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Table  18.  TSD  Oil  Vaporizability  Determined  In  Compllence  with 

COST  5737-53 


Vaporlzablllty 
2>  at  temperature 

v/i 


MK-8  . 

MS-6  . 

synthetic  oil  based  on  dtesters 

synthetic  oils  based  on 
pentaerythrltol  dlesters  . . 


Table  19.  The  Vaporlzablllty  of  TRD  Petroleum  Oils  Determined  on  the 

PZZ*  Device 


aporlzablllty 

l 


Kinematic 
at  50°C 

ylacosity 

Before 

After 

vaporl- 

vaporl- 

zatlon 

zatlon 

8-5 

13-0 

6.1 

9.2 

S.l 

6.3 

6.2 

6.7 

8.6 

10. 

TRD  lubricating  oil  vaporlzablllty  If  determined  li  the  USA  by  the 
ASTM  D  972-56  method.  A  metal  tank  having  a  tuba  on  the  lower  part  for  the 
Introduction  of  air  la  placed  in  an  oil  bath.  A  round,  closed  bulb 
containing  the  oil  tested  la  placed  in  the  tank.  The  bulb  la  equipped  with 
annular  aide  openings  for  the  delivery  of  air  over  the  surface  of  the  oil  and 
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vaporization  for  5  hr,  the  vaporizability  of  synthetic  oils  proved  on  the 
average  to  be  6-8  tines  lower  than  for  petroleua  oils. 


To  vacuum  oumr 

Figure  24.  The  diagram  of  a  device  for  the  determination  of  oil 
vaporlsabllity:  1,  Flask  with  absorbent;  2,  Flowmeter;  3,  Buffer 
flask;  4,  Thermostat;  5,  Thermometers;  6,  Vaporiser;  7,  Coil 
heater;  8,  Pressure-vacuum  gauge;  V,  Refrigerator;  10,  Condensate 
receiver;  11,  Receiver-trap 

The  ehortcomings  of  the  vaporisation  method  in  accordance  with 
GOST  10306-62  Include  the  unwieldinees  of  the  device,  the  necessity  to 
conduct  operations  in  e  hot  thermostat,  and  also  the  significant  time 
expenditures  required;  each  determination,  considering  preparatory  work, 
consumes  3-4  hr. 

A  more  promlslug  vaporisation  method  was  suggested  by  K.  K.  Papok  and 
B.  S.  Zuaeva  (GOST  3737-33).  The  total  duration  of  the  vaporlsabllity 
determination  by  this  method  is  30  min.  A  minimum  quantity  of  oil  is 
required  for  the  determination  —  0.2  g.  The  results  of  vaporlsabllity 
evaluations  for  petroleum  and  syntnetlc  oils  obtained  by  this  method  are 
shown  in  Table  18. 

TRD  oil  vapcrisablllty  la  also  dettrmlned  on  a  PZZ*  device  (Table  19) 
from  the  difference  in  the  weight  of  the  oil  before  and  after  tests.  (The 
PZZ  device  is  described  In  detail  In  Chapter  Six). 


the  cover  in  equipped  with  a  vertical  pipe  Tor  the  exit  of  air  and  oil  vepora 
from  the  device. 


The  warned  air  which  paaaes  to  the  lower  part  of  the  air  tank  le 
directed  through  the  annular  openings  In  the  cell,  passes  over  the  surface  of 
the  oil  f rod  all  sides  and  after  having  absorbed  oil  vapor,  peases  out  of  the 
device.  The  test  conditions  are:  vaporization  duration  22  hr  ±  5  min;  ell 
weight  10  g;  air  quantity  2  i/hr.  The  employment  of  this  vaporization 
method  Is  stipulated  by  the  basic  specifications  for  Jet  oils  [51,  52). 
lrsuallv  TRD  oils  vaporize  In  6.5  hr  at  204. 4*C. 


fcl4 


» 


Footnotes 


1.  To  p.63.  The  expension  of  this  abbreviation  is  unknown  —  Tr 
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CHAPTER  FIVE 

VISCOSITY  AND  LOW-TEMPERATURE  PROPERTIES  OF  OILS 
The  Significance  of  Vlscoalty  and  Low-Temperature  Properties 

The  viscosity  and  low- temperature  properties  of  oils  for  TRD  use 
determine  the  possibility  of  starting  the  engines  and  the  pumping  quality  of 
the  oil  to  engine  friction  points  at  low  temperatures.  Not  only  the  viscos¬ 
ity  of  the  oil  employed,  but  also  the  smoothness  of  the  curve  of  Its  change 
with  an  Increase  in  temperature  are  of  particular  significance. 

At  the  Initiation  of  TRD  development  abroao,  petroleum  oils  of  high 
viscosity  were  used  for  '!  ex.  ubrlcatlon.  In  some  of  the  first  German  TRD 
models  oil  was  used  with  a  vlsco- lty  at  50*C  of  35  cs.  and  In  others,  oil 
having  a  viscosity  of  20-25  cs  was  •.  iployed  (the  YiMO  engine).  Subsequently, 
however,  the  use  of  viscous  oils  in  TRD  applications  waa  rejected.  They 
provlJed  for  reliable  engine  lubrication,  but  at  negative  temperatures  had 
very  high  viscosity  which  impeded  their  flow  in  the  engine  oil  system.  Thus 
a»-  -20* t  tee  delivery  of  oil  with  an  Initial  velocity  at  50*C  of  the  order  of 
30  cs  to  fiiction  points  stopped  completely. 

The  pumping  quality  of  oils  in  a  TRD  is  characterized  by  critical 
camperatures  of  disruption  and  cessation  of  the  oil  aupply  to  rubbing  parts. 
According  to  practical  data  these  temperatures  for  petroleimi  oils  which  have 
an  initial  vlscoalty  at  50*C  of  approximately  7  ca  are  approximately  -43  and 
-51* C,  reepectively. 

Comparative  bench  teste  made  in  the  USA  (53]  for  petroleum  oils  with  a 
viscosity  at  50*C  of  10  and  5  cs  revealed  that  at  -54*C  the  pressure  in  the 
oil  aystea  In  the  case  of  oil  with  a  viscosity  of  10  cs  decreased  rapidly, 
and  after  10  min  of  engine  operetlon  had  already  approached  zero  et  the 
output  of  the  oil  filter.  In  the  case  of  oil  with  a  vlscoalty  of  5  cs  the 
pressure  was  reduced  only  at  the  Input  to  the  oil  pump,  and  the  pressure 
value  remained  1.5  times  greater  than  when  the  first  oil  waa  used. 
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At  the  present  tine  synthetic  and  petroleum  oils  with  viscosities  at 
SO*C  from  4.5  to  11  cs  are  employed  for  domestic  and  foreign  TED  applica¬ 
tions.  Domestic  petroleua  oils  of  the  MK-8  type  have  viscosities  at  -40* C  of 
7,000-8,000  cs;  they  provide  for  starting  of  the  majority  of  TED  install¬ 
ations  without  prewarming  only  to  ambient  temperatures  of  -27,  -28*C.  In 
order  to  start  a  TED  at  lower  temperatures,  hot  oil  is  poured  into  the  —p*. 
engine,  the  oil  is  diluted  10-15Z  with  Jet  fuel,  the  engine  is  maintained  In 
*  warm  condition  by  periodic  prewarming  at  low  rpm,  and  the  engine  is 
prewarmed  by  hot  air  from  airdrome  starting  assemblies  of  the  APA-2H  type. 

The  starting  temperatures  indicated  are  inadequate  for  ordinary  TED 
operating  conditions.  Under  .ire tic  conditions  or  in  regions  of  severe  low 
temperatures,  such  engine  starting  temperatures  are  even  mori*  unacceptable 
This  makes  it  necessary  to  employ  lubricants  with  improved  liar-temperature 
characteristics.  Such  oils  include  the  MK-6  and  MS-6  domestic  petroleum 
oils  and  also  synthetic  oils  based  on  diesters.  The  American  type  1005 
arctic  oil  with  a  viscosity  at  50*C  of  5-4  cs  has  improved  starting  proper¬ 
ties. 

The  low-temperature  properties  of  domestic  TBD  petroleum  oils  to  a 
certain  extent  are  characterised  by  a  pour  point  and  a  ratio  of  th*  values  of 
kinematic  viscosity  at  -20  and  50*C,  which  is  expret jed  by  a  flat  oil 
viscosity-temperature  curve.  These  oil  indicators  are  ir  reduced  into  the 
standards  and  specifications  for  TtU)  peer  oleum  oils.  Among  oils  of  narrow 
fractional  composition,  MK-6  and  MS-6  have  better  viscosity  ratios  than  *-8, 
and  the  ratio  for  MJC.-8  is  bette*-  than  for  transformer  oil;  therefore,  at 
reduced  temperatures  it  is  more  advantageous  to  eapcoy  IK-6  and  MS-6  oils  for 
TED  operation,  and  when  they  are  not  available,  to  employ  NX-8  oil. 

However,  the  viscosity  ratio.  Just  as  the  pour  point,  does  not  folly 
reflect  oil  efficiency  in  the  engine  et  low  temperatures.  A  more  correct 
es valuation  of  the  low-t—peracure  oil  properties  for  toe  TED  in  based  on  the 
viscosity  level  at  the  minimum  temperature  of  the  employment ,  since  it  le  oil 
viscosity  itself  thrt  determines  its  mobility  end  capability  of  flowing  to 
engine  rubbing  parts. 

At  a  tamperatura  of  -40*C  MX-8  oil  viscosity  has  •  value  of  7,000  ca 
(Figure  25);  therefore,  TED  starting  with  this  oil  at  this  temperature  is  not 
passible. 
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Plfau  25.  HI  patrol  raw  oil  fltoaity  as  a  hact  loa  of  taytr- 
atvra:  1,  Tr— afrit— r  oil;  2,  Mt-8 

Traaaforaer  oil  vlacaelty  at  -40*f  ia  U|kcr  tkai  for  K-l  oil  (tha 
Uffcrncc  ia  appwnciaataly  2500  ca),  aad  tea  wlsceolty  r— yrrara  am  la 
plaal  Aon  the  NC-8  ell  am. 

MC-6  and  MS-6  alia  (Tables  20  aad  21)  Ion  tapnwl  loo  rnpiToiaw 
characteristics,  sod  thorafort  tha  IB  startlBg  taapi  r atari  olthaot  pi*- 
baatl n|  aay  be  lower  with  the  —a  of  tbaar  oUa  thaa  with  tha  aac  of  MC-0 
oil.  Thaa,  la  raglo—  of  aavara  loa  toaporararoa,  IB)  ataiTlag  atthoat 
prabaatiag  of  MS-6  oil  la  possible  with  taapora raw  fra  -36  to  -W'C.  Tha 
wlscoelty  characteristics  of  ®-4,  MS-6  aad  MK-0  olla  ara  sbo—  la  Pleura  26. 


Table  20.  Low-Tain  ratal  ■  and  Start  log  Piopartlaa 
for  TB)  Olla 


Oil 

Pour 
go  Ini. 

Uneaatic 

Klneaatlc 
wlacoolty 
ratio  at 
50BC 

Tentative 
aJnl—  eng¬ 
ine  starting 
tenperatnre 
without  pre¬ 
heating  at 

-55 

6500-9500 

5* 

-25 

-*5 

860 0-100 Of 

6* 

-21 

m-f  . 

-60 

2500-3300 

*3 

-37 

n-i  . 

-55 

1*00-1500 

30 

-39 

Table  21.  TRD  Oil  Viscosity  at  Various  Temport.tures 


MK-8 

specimen  1 . 

specimen  2 . 

specimen  3 . 

Transformer 

specimen  1 . . 

specimen  2 ..... . 

specimen  3 . 

MK-6 

specimen  1 . 

specimen  2 . 

MS-6 . 

synthetic  diester  oil 


Kinematic  viscoslty,cs  at  temperature  C 


-10 


-25 


3£L 


=35. 


=kiL 


9  4-2 
96. 

59.0 

187 


R38 


6148 

127 


210 

211 

309 

208 

191 


133 

99 

86 

165 


586 

666 

528 

561 

592 


315 

210 

187 

341 


934 


1074 

850 

567 


517 


1760 

2040 

1680 

2056 

1950 

1500 

1060 

600 

490 

045 


B007 


8236 


fe098 


1425 


630  0 
9464 
6913 

9564 

8560 

8700 

3300 

3096 

1360 

2598 


Aside  from  an  optimum  viacosity  level  and  a  flat  viscosity-temperature 
curve,  TBD  oils  must  be  characterized  by  viscosity  stability  during  extended 
engine  operation.  This  Indicator  depends  on  oil  vaporizability ,  which  in 
turn  is  determined  by  its  fractional  composition.  As  wt  have  already  pointed 
out,  MK-8  petroleum  oils  have  a  broad  fractional  composition  and  -ontain 
fractions  which  are  easily  vaporized  during  engine  operation.  Therefore  at 
increased  temperatures  the  viscosity  of  MK-8  oils  increases  and  lta  poor 
starting  characteristics  show  even  greater  deterioration  (Table  22). 

Narrowing  of  the  fractional  composition  of  petroleum  oils  reduces  the 
vaporizability  somewhat,  but  tha  main  point  la  the  viscosity  is  stabilized  in 
the  process  of  vaporization  (Table  23). 

It  has  bean  established  that  tha  highar  the  temperature  of  the  oil  in  an 
angina  and  tha  longer  it  operates,  the  more  intensive  the  increase  in 
viscosity  (Table  24). 
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Tsbls  22.  A  Change  in  the  Viscosity-Temperature  Properties 
of  TRJ)  Petroleum  Oils  During  Vaporization 
Under  Laboratory  Conditions* 


kinematic  viscosity  at  -4o°C  cs 

Oil 

Before  vapor¬ 
ization 

After  Vupor- 
ization 

MK-8  . 

6000 

22  000 

MK-6  . 

2600 

4  6GQ 

MS-6  . 

1500 

1  J  00 

*  100  g  of  oil  was  vaporized  in  accordance  with  Cost  10306-62  in  a 
glass  test  tube  for  2  hr  at  1?5°C  with  an  air  supply  of  1.5  t/min. 


Table  23.  A  Change  in  the  Viscosity  of  HK-8  Oil  and 
in  Blends  of  Narrow  Fractional  Composition  As  a  Function 
of  Vaporizability* 


kinematic  viscosity,  cs 


At  5 rn 

■j 

At  - 

.1»0°C 

Oil 

vapori¬ 

zation 

* 

Before 

vapor¬ 

ization 

After 

vapor¬ 

ization 

Before 

vapor¬ 

ization 

After 

vapor¬ 

ization 

Specimen  1  . 

obtained  from  specimen  1 

24.6 

12.0 

5210 

14950 

blend  329-395  C  . 

18.2 

E8jp&| 

9.61 

3270 

5380 

specimen  2  . 

obtained  from  specimen  2 

26.3 

E 

11.0 

5320 

15710 

blend  337-Ul0°C  . 

obtained  from  specimen  3 

21.0 

7.72 

7.76 

3200 

1720 

blend  33^-385  C  . 

25.1 

6.50 

7.20 

2650 

3280 

*100  g  of  oil  was  vaporized  in  accordance  with  00ST  10306-62  for  2  hr 
at  175°C  with  an  air  supply  of  1.5  i/min. 

*•  In  vaporizat illtv  and  viscosity-temperature  properties,  specimen  3  1 
similar  to  -peclmen  2. 


Simultaneously  the  pour  point  also  changes  —  It  Increases  by  8-10*C. 

The  viscosity  of  MK-6  and  MS-6  oils  at  50*  C  is  love-  tl  r  MK-8  oil 
and  for  transformer  oil  by  approximately  2-3  cs,  which  ait-o  results  In  sn 
Improvement  and  in  the  stability  of  their  lov-temperature  properties. 

Therefore  nsrrovlng  of  the  fractional  composition  facilitates  the 
stabilization  of  the  viscosity-temperature  properties  of  oils.  The  viscosity 
of  MK-6  and  MS-6  oils  remains  sufficiently  stable  after  100  and  even  after 
300  hr  of  TRD  operation,  and  therefore  within  these  time  limits  replacement 
of  the  oil  by  fresh  oil  is  not  required  (Table  25). 

Table  25.  A  Change  in  the  Viscosity  of  Oils  During  Extended 
TRD  Operation  Under  Bench  Conditions  (300  hr)* 


specimen  1 
viscosity  at  50°C 
viscosity  at  -40°C 
specimen  2 


Viscosity,  cs,  during  engine  operation 

Fresh 

50  hr 

100 

hr 

200 

hr 

300 

hr 

8.9  11.6 

13.5 

_ 

8600  30000 

39000 

- 

9.1  13.0 

14.7 

_ 

8700  35000 

44000  * 

- 

6.0  7.0 

7.2  7.0 

7.0 

3096  3793 

3850  3853 

3589 

6.0  6.7 

7.0  7.0 

7.0 

1360  2024 

2248  2214 

2441 

viscosity  at  50  C 
viscosity  at  40  C 

-6 

viscosity  at  50°C 
viscosity  at  -40°C 

-6 

viscosity  at  50  C 
viscosity  at  -4o°C 

MK-8  oil  was  replaced  after  every  100  hr  of  engine  operation,  and  MK-6 
HS.-6  oils  orerated  with  no  change 


During  100  hr  of  operation  in  a  subsonic  TRD  with  an  increased  temper¬ 
ature  condition,  the  viscosity  of  MX-8  oil  at  -40*C  rose  from  7000-7700  to 
34,000-36,000  cs,  end  MS-6  and  MK-6  oils  rose  from  1400  and  3000,  respect¬ 
ively.  to  2000  and  5500  cs. 


The  viscosity  rise  and  the  Increased  pour  point  during  TRD  operation  was 
caused  not  only  by  vaporization  of  the  lighter  part  of  the  oil,  but  by 
oxidation  processes  occurring  in  the  oil,  since  such  oxidation  products  as 
resins  remain  In  the  oil  In  a  dissolved  state.  Therefore  the  increase  In 
viscosity  may  serve  as  a  criterion  of  the  intensity  of  oxidation  of  TRD 
petroleum  oils. 

The  viscosity-temperature  characteristics  of  several  domestic  and 
foreign  oils  are  shown  In  Table  26. 


Table  26.  The  Viscosity-Temperature  Properties  of 
Several  Domestic  and  Foreign  TRD  Oils 


Oil 

Kinematic  viscosity ,cs ,  at  temperature] 

-10°C 

o 

o 

o 

<\i 

1 

-30°C 

-*0°C 

MK-8  . 

210 

585 

2278 

8511 

transformer  oil  . 

208 

561 

2056 

olifq 

type  2*S0  (England)  . . . . . . 

216 

5** 

1530 

573* 

type  1010  (USA)  . 

131 

31* 

80'. 

poo-i 

domestic  oil  on  a  dlester  base 

165 

3*1 

811* 

: 

Viscosity  stability  during  extended  storage  or  maintenance  under  low- 
temperature  conditions  Is  an  Important  TRD  oil  quality  Indicator  (this 
pertains  particularly  to  synthetic  oils).  This  indicator  la  provided  for  in 
specifications  for  domestic  TRD  synthetic  oils.  This  control  is  required 
because  the  viscosity  of  many  chemical  products  employed  as  a  base  for 
synthetic  oils  changes  intensively.  Such  e  difference  In  oil  viscosity  may 
cause  starting  characteristics  to  deteriorate  at  low  temperatures. 

Viscosity  stability  at  low  temperatures  means  the  capability  of  the  oil 
to  ralnteln  its  value  at  -54*C  (sometimes  at  -40*C)  after  conditioning  for 
a  specified  period  of  time  at  these  temperatures. 

A  number  of  specif lost loos  In  the  USA  Includes  the  oil  viscosity 
stability  requirement.  Thus,  according  to  the  requirements  of  HIL-L-7808D 
specification,  oil  viscosity  aicer  Its  conditioning  for  3  hr  a r.d  30  air.  at 
-34 *C  must  not  change  by  more  than  6Z  of  the  Initial  value.  In  addition,  oil 
viscosity  must  not  axeeed  17,000  ca  et  -54*C  after  conditioning  it  at  this 
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temperature  for  72  hr.  A  vlacoalty  stability  determination  la  Included  In 
the  specif icationa  for  domestic  TRD  dlester  oils.  A  change  In  viscosity  at 
-54*0  after  oil  conditioning  at  this  temperature  for  3  hr  nuat  not  exceed  6Z, 
and  the  viscosity  value  must  not  be  higher  than  11,700  ca. 

Methods  of  Determining  Vlacoalty 

The  viscosity  of  petroleum  and  synthetic  TRD  oils  is  determined  In 
capillary  viscosimeters  In  accordance  with  GOST  33-66.  The  viscosity  at 
-40*0  Is  determined  in  a  viscosimeter  with  a  capillary  diameter  of  not  leas 
than  4-4.5  an.  For  ressarch  purposes  the  determination  of  oil  viscosities  at 
negacive  temperatures  in  rotary  viscosimeters  such  as  the  Pavlov  viscosimeter 
Is  authorized. 

In  the  development  and  employment  of  AGTD  oils,  thickening  additives  or 
thickening  compounds  such  as  polyisobutylene,  polymethylmethacrylate, 
etc.  may  be  introduced  Into  che  oil.  In  these  cases  It  is  necessary  to 
consider  che  possibility  of  the  mechanical  destruction  of  hlgh-viacoslty 
components  in  engine  gear  assemblies,  which  leads  to  e  viscosity  reduction 
below  authorized  limits.  The  degree  of  mechanical  destruction  of  the  oil  is  i 

determined  on  the  '  MD-ldevlce  154],  where  the  oil  Is  subjected  to  scuffing 
In  a  gear  pump.  The  operating  principle  of  the  device  it  quite  simple  and 
consists  of  the  following.  Into  a  small  oil  tank  of  the  device  la  placed 
750  ml  of  the  oil  being  tested;  the  oil  Is  drawn  from  there  by  a  gear  pump, 
heated  In  a  coll  (In  order  to  maintain  the  specified  oil  temperature)  and  Is 

returned  to  the  tank  through  a  reduction  valve.  The  pressure  In  the  system 

2 

which  Is  regulated  by  the  reduction  valve  is  50  kg/cm  .  The  oil  temperature 
in  the  tank  Is  maintained  at  the  specified  level  (60  i  3*C)  as  a  result  of 
water  in  the  pusq>  bath  and  in  the  coll  bach.  The  test  is  conducted  for 
100  hr;  control  samples  of  the  oil  are  selected  every  5  sec,  and  then  every 
24,  50,  75  and  100  hr  of  tests. 

Thu  decrease  In  vlacoalty  after  100  hr  of  teste  in  relation  to  oil 
vlacoalty  after  5  aec  of  operation  in  the  device  le  taken  aa  an  indicator  of 
oil  vlacoalty  stability  under  mechanical  scuffing  conditions. 
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CHAPTER  SIX 


THE  THERMAL  OXIDATION  STABILITY  OF  PETROLEUM  OILS  FOR  TURBOJET  ENGINES 
The  Characteristics  of  Thermal  Oxidation  Stability 

Experience  in  the  use  of  MX- 8  oil  in  a  number  of  TRD  series  reveals 
that  Insofar  as  thermal  oxidation  stability  is  concerned  it  is  quite  effi¬ 
cient  with  an  engine  output  temperature  of  80-100*C.  For  exaar  e,  the 
average  oil  temperature  in  the  VK-1  engine  in  practice  does  not  exceed  80*  C 
and  the  oil  proportion  do  not  change  during  operation  for  200  hr  and  sure. 

The  stability  of  the  oil  is  reduced  (but  still  remains  satisfactory) 
vlth  increased  oil  temperatures  at  the  engine  output  up  to  120*C.  Oxidation 
of  the  oil  becomes  noticeable  if  it  la  subjected  to  the  action  of  these 
temperatures  for  an  extended  period  of  time.  Table  27  chews  data  concerning 
stability  deterioration  of  MK-8,  MR-6  and  MS-6  petroleum  oils  during  extended 
operation  in  engines  under  bench-test  conditions.  During  300  hr  of  operation 
in  a  TRD  subjected  to  less  thermal  stress,  the  quantity  of  deposits  after 
oxidation  in  MR-6  and  MS-6  oils  attained  values  of  0.15  and  0.21Z,  respect¬ 
ively,  and  the  acid  number  waa  0.30  and  0.73  mg  ROH/g. 

With  an  increase  in  oil  temperature  at  the  engine  output  to  130-135*0, 
the  thermal  oxidation  atablllcy  of  tha  oil  may  deteriorate  sharply;  In  this 
connection  a  partial  oil  change  and  a  cleaning  of  the  oil  eyatem  filter:*  with 
gasoline  or  jet  fuel  ere  required.  Higher  temperatures  in  fact  have  an 
effect  on  the  oil  in  Chla  ceae,  alnce  in  individual  friction  points  the  oil 
is  heated  to  130-175*C. 

Tha  efficiency  of  MX- 8  oil  at  high  temperatures  may  be  evaluated 
according  to  tha  results  of  laboratory  investigations ,  which  are  shown  in 
Table  28.  It  folios*  from  the  date  in  Table  28  that  MR-3  oil  shows  insignif¬ 
icant  oxidation  up  to  100*0;  it  maintains  sufficient  stability  after  oxida¬ 
tion  at  120*C  even  for  100  hr,  during  which  time  deposlte  in  the  oil  after 
oxidation  do  not  exceed  0.1X  and  the  add  number  is  0.18  mg  ROH/g.  At  an 
increased  temperature  of  up  to  150*C,  the  number  of  deposits  after  10  hr  of 
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oxidation  Increase*  by  three  times,  and  at  175*C  after  2.5  hr  of  oxidation 
the  deposits  Increase  almost  eight  tlaes  In  comparison  with  the  quantity  of 
deposits  after  oxidation  at  120*C  after  40  hr. 


Table  27.  The  Thermal  Oxidation  Stability  In  Accordance  with 
GOST  981-S6  of  TRD  Petroleum  Oils  As  a  Function  of 
Duration  of  Engine  Operation 


Indicator 

Duration  of  operation  of  oil] 
in  engine,  hr  I 

0 

25 

50 

75 

100 

MK-6  Oil 

acid  number,  mg  KCH/g 

0.02 

0.08 

0.12 

0.11 

0.13 

stability  after  oxidation 
quantity  of  deposits,  % 

0.1 

_ 

0.27 

0.27 

acid  number,  msr  Kr>H/p 

0.35 

- 

0.43 

.. 

0.32 

MS-*  Oil 

acid  number, mg  KOH/g 

0.01 

0.02 

0.04 

0.04 

0.04 

stability  after  oxidation 
quantity  of  derosits,  * 

none 

. 

0.11 

0.12 

acid  number  mg  KOH/g 

0.06 

• 

0.33 

- 

0.42 

MK-R  on 

acid  numt'-r,  mp  K0H/g 

0.01 

0.12 

0.15 

0.18 

0.23 

rtabllltv  after  oxidation 
quantity  of  deposits,  t 

0.07 

0.13 

. 

0.20 

acid  number,  mg  KOH/g 

0.28 

- 

0.90 

- 

1.28 

In  practice  it  Is  considered  that  If  the  quantity  of  deposit*  In  the 
oil  after  oxidation  comprise  nor*  than  0.^0-0.602  and  the  acid  number  of  the 
oil  Is  more  than  1  mg  KOH/g,  then  this  causes  contamination  of  the  filtering 
surface  of  the  oil  filters  and  may  lead  to  contwlnatlon  of  the  engine  by 
deposits  of  products  of  oil  oxidation. 

Therefore,  the  temperature  limit  of  the  operating  capability  of  the  HK-8 
oil  and  other  oils  of  this  type,  from  the  point  of  view  of  thermal  oxidation 
stability,  may  be  considered  to  be  120*C  during  extended  operation  with  no 
change  for  up  to  100  hr. 

The  standard  method  accepted  (00ST  981-56)  of  evaluating  thermal 
oxidation  stability  for  TRD  petroleim  oils  (oxidation  In  a  VTI  device  with 
oxygen  at  120*C  for  14  hr)  doe*  not  permit  a  complete  evaluation  of  the  high- 
temperature  properties  of  the  oil  since  the  conditions  of  this  method  are  not 
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sufficiently  strict.  For  this  reason,  for  example,  it  is  not  possible  to 

detect  differences  in  the  thermal  oxidation  capability  of  various  commercial 
batches  of  MK-8  oil. 


Table  28.  The  Influence  of  Temperature  on  the  Oxidizability 
of  MK-8  Oil  in  Accordance  with  GOST  981-56 


Oxidation 

temperature 

°C 

Duration 

of 

oxidation 

Analysis  of 

oxidized  oil 

Condition  of 

acid  number 
mg  KDH/g 

quantity  of 
deposits,  f 

device  after 
oxidation 

100 

40 

0.04 

0.02 

Clean 

120 

40 

0.09 

0.04 

Clean 

120 

100 

0.18 

0.11 

Clean 

150 

2.5 

0.10 

0.07 

Clean 

150 

5 

0.20 

0.10 

Clean 

150 

10 

0.28 

0.13 

small  resinous  de- 

DOSit 

150 

25 

1.02 

0.63 

dense  deposit  on  th< 
filter  not  soluble 
in  alcohol -benzene 
mixture 

175 

2.5 

0.75 

0.35 

abundant  deposits 

175 

5 

0.83 

0.83 

abundant  deposits 

This  method  of  oxidation  does  not  reproduce  realistic  operating  condi¬ 
tions  for  MK-8  type  oils  in  a  thermally  stressed  TRD;  therefore,  in  order  to 
obtain  a  more  correct  evaluation  of  thermal  oxidation  stability,  TRD 
petroleum  oils  are  oxidised  in  accordance  with  a  more  demanding  method:  at 
175*C  for  10  hr;  in  the  presence  of  ball  catalysts  —  copper  and  iron  (these 
catalysts  vers  also  employed  during  oxidation  in  accordance  with 
GOST  981-5C) ,  in  each  teat  tube  air  la  delivered  at  the  rate  of  3  t/hr.  This 
ia  a  basic  method  and  is  employed  in  all  cases  when  the  evaluation  of  the 
thermal  oxidation  stability  of  petroleta  oils,  intended  for  TRD  operation 
under  increased  temperature  conditions,  la  required. 

It  ia  apparent  from  Table  29  that  oil  oxidation  using  this  method  occurs 
wich  more  intensively  than  oxidation  in  accordance  with  GOST  981-56;  this 
makes  it  possible  to  distinguish,  insofar  as  oxidation  stability  is 
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concerned,  different  conmerclal  batches  of  MK-8  oil  which  appear  to  be 
Identical  according  to  the  standard  method  of  oxidation. 

Frequently  the  following  instances  of  contamination  of  thermally 
stressed  TRD  installations  by  the  products  of  intensive  oil  oxidation  are 
encountered: 

Che  appearance  of  a  varnish  film  along  the  operating  surface  of  the 
bearings; 

the  clogging  of  the  filtering  surface  of  oil  filters  by  solid  and 
semlsolld  products  of  oil  oxidation  —  by  blackish-brown  particles 
approximately  1-2  mm  in  size.  The  screen  of  the  filtering  elements 
of  engines  during  operation  from  40  to  70  hr  with  insufficiently 
stable  oil  are  clogged  with  deposits  over  30-60Z  of  the  surface; 
the  deposit  of  a  hard,  abrasive  residue  (from  2  to  4  mm  in  thickness) 
on  the  turbine  bearing  shell  in  Che  fora  of  "fringes"; 
the  appearance  of  the  same  hard  deposits  in  the  breathing  pipe  and  in 
the  pipes  of  the  fuel-oil  radiator; 

the  formation  of  deposits  In  the  jets  of  the  oil  supply  Injectors, 
which  reduces  oil  delivery  through  the  injectors  and  causes  oil  *tm 
starvation  of  the  bearings; 

coking  of  the  channels  which  deliver  oil  to  the  second  stage  turbine 
bearing; 

the  accumulation  of  soft  salvelike  products  of  oil  oxidation  3-4  m 
in  thickness  In  the  oil  collector  bushing  of  the  turbine  second  stage 
bearing  shaft; 

deposits  In  the  form  of  hard  pieces  (such  as  resins)  with  s  mass  up 
to  5-10  g  in  the  oil  tanks  of  the  engines. 

Engine  contamination  by  products  of  Intensive  oil  oxidation  is,  as 
pointed  out  previously,  a  serious  danger  and  may  be  a  reason  for  an  aircraft 
accident. 

The  composition  and  nature  of  deposits  which  form  at  various  places  in 
the  lubrication  system  of  thermally  stressed  TKD  installations  during  their 
operation  were  studied  by  Yu.  V.  Stuplshln  [55].  The  analysis  which  he 
conducted  of  deposits  in  accordance  with  GOST  2862-47  and  the  determination 
of  the  content  In  these  deposits  of  microelements  (by  means  of  spectrographlc 
analysis  on  the  ISP-28  apectrograph)  revealed  that  the  deposits  which  form 
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h.v.  a  different  nature  and  composition,  depending  on  the  operating  condi- 
tiona  of  the  oil  in  the  lubrication  system  of  the  engine  (Table  30)  [55], 

Table  29.  The  Thermal  Oxidation  Stability  of  Petroleum  Oils 
Determined  by  Different  Methods 


MK-8 


Oxidation  in  accordance  with  GOST  981 -5,* 
(120  C,  14  hr.  oxygen  delivery  12  t/hr) 


specimen 

specimen 

specimen 


MK-6 


MS-6  (without  Ionol) 


0.18 

0.18 

0.20 

0.21 

0.34 


0.08 

0.05 

0.04 

0.07 

0.14 


Oxidation  inoaccordance  with  more  stringent  method 


MK-8 


(175  C,  10  hr,  air  delivery  3  i/hr) 


specimen 

specimen 

specimen 

specimen 

specimen 


MK-6 . 

MS-6 . 

synthetic  oil  based  on  diesters.. 


1.58 

1.75 

3.04 

1.67 

2.00 

2.30 

1.26 

0.90 


1.34 

1.66 

1.55 

1.53 

0.96 

1.48 

1.49 
0.34 


Thu.  the  reein  which  form,  in  the  oil  tank  under  moderate  temperature 
condition,  consist,  mainly  of  meutral  resin,  sod  asphaltene,  (in  various 
proportions),  which  contain  a  significant  quantity  of  oxygen  (11. 4-20. 4X). 
The  melting  point  of  resin  is  70-90* C.  The  product,  of  intensive  oil  oxida¬ 
tion  such  as  carbenes  and  earbolds  were  not  detected  in  the  resin. 

Deposits  on  the  oil  filter  screen  and  in  the  oil  collector  bushings 
already  contain  inorganic  substances  a.  a  result  of  angina  wear  or  the  result 
of  duet  particles  with  eir  striking  these  surfaces.  Inorganic  substance,  are 
greater  in  deposits  taken  from  oil  collector  bushings  since  a  process  of 


centrifugal  separation  occurs  here  which  la  accompanied  by  the  release  from 
the  oil  of  the  heavier  products  of  engine  part  wear. 


Table  30.  Composition  of  Deposits  (in  Z)  In  TRD  Lubrication 
Assembly  Systems  During  Operation  with  MK-8  Oil 


Oil  collector  bushings 

Deposits 

Oil 

tank 

011 

filter 

oil  with  no 
additive 

oil  with 
additive 

Nature 

organic  sub¬ 
stances  . 

100.0 

81.-4-85.6 

64.9-68.4 

10.2-19.6 

nonorgan lc 
substances . . . 

none 

14 .4-18.6 

31.6-35.1 

80.4-89.8 

oil  and 

neutr*l  resins 

*3. 5-53.6 

55-?-59 .2 

18.5-25.3 

21.4-22.5 

’.spbaltenes . . . 

1*6.4-56.2 

2. 6-7. 7 

2.12-2.15 

0.65-0.83 

carbenes  and 
carbolds . 

none 

19.5-30.6 

13-15-14.06 

2.24-4.80 

ash . 

0-0.3 

6.5-18.7 

59.43-65.29 

72.97-74.21 

Elementary  com¬ 
position 
carbon  . 

72-80 

72. 2-7^.  2 

30.0-33-5 

18.0-24.6 

hydrogen . 

6-8 

8. 2-9.1 

2. 5-3.5 

3. 7-4. 7 

oxygen  . 

11.4-20.4 

6. 4-9. 2 

8-9.0 

8.6-10.5 

sulfur  . 

0.5-0. 6 

- 

-» 

0.2-0. 5 

a3h . 

0-2.1 

9.5-11.2 

55.5-57.7 

62.9-66.3 

With  the  Introduction  into  HZ-8  oil  of  0.6Z  Ionol  (MK-Bp 

oil)  the 

concent  of  asphaltenes  In  the  deposit  decreases  from  2  to  0.8Z,  of  carbenes 
and  caibolds  from  13-14  to  2.2-4.8Z,  and  of  organic  compounds  by  3-6  times. 


Table  31  shows  data  concerning  the  quantity  of  deposits  In  labyrinth 
seals  and  on  engine  bearings  as  well  as  the  influence  of  Ionol  on  deposit 
comoosltlon.  It  la  annarant  from  these  data  that  when  an  antioxidation 
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Table  31.  The  Composition  of  Deposits  (in  Z)  on  TRD  Parts 
During  Operation  with  MK-8  Oil 


Nature  of 
deposit 

Vltt 

_ addi 

• 

r 

Witt 

add! 

Ionol 

tlve 

Front 

laby 

rlnth 

Ball 

bear 

lng 

Rear 

laby 

rlntt 

Roller 

vear- 

lng 

Front 

laby¬ 

rinth 

Ball 

bear 

lng 

Rear  lab 
yrlnth 

-roller 

bearing 

irganic  substances 

93.1 

91.1 

94.0 

92.0 

87.7 

85-9 

84.1 

82.9 

tnorganlc  substanc< 

6.9 

8.9 

6.0 

7.4 

12.3 

14.1 

15.9 

17.1 

Ills  and  neutral 

resins  . 

24.3 

20.8 

28.5 

19-9 

22.9 

19-2 

25.3 

17-6 

Isphaltenes  . 

1.4 

1.8 

2.0 

1.2 

1.4 

1.6 

1.9 

:arbenes  and 

■iff 

:arboid3 . 

56.9 

54.6 

60.8 

63.6 

50.8 

49.7 

51.5 

53.4 

ish  . 

17. 

23.0 

8.9 

14.5 

25.1 

29.7 

21.6 

17.1 

It  is  obviously  possible  to  form  an  indirect  judgment  concerning  the 
temperature  conditions  of  an  engine,  with  respect  to  the  intensity  of  oil 
oxidation  and  changes  in  ita  hydrocarbon  content  from  the  condition  of  oil 
deposits  formed  within  the  engine. 

Oil  oxidation  in  an  engine  at  high  temperatures  is  accelerated  as  a 
result  of  the  presence  in  the  engines  of  various  metals  which  act  as  oxida¬ 
tion  catalysts.  The  author's  Investigations  have  resulted  in  an  ..nalysls  of 
the  catalyzing  capability  of  various  metals1  (Table  32). 

Copper  and  to  a  lesser  extent  steel  are  the  most  effective  catalysts 
in  the  oxidation  of  petroleum  oils  under  the  conditions  previously  indicated. 
The  retaining  metals  are  relatively  passive  and  are  approximately  equal¬ 
valued.  In  order  to  evaluate  the  influence  of  the  area  of  the  metal  on 
oxidation,  lov-vlacoalty  petroleum  oil  was  oxidized  at  160*C,  with  an  air 
delivery  of  3  i/hr  to  each  test  tube  with  copper  plates  of  differing  areas. 

The  moat  intensive  oxidation  was  observed  in  tubes  with  plates  having  an  area 
2 

of  7  cm  after  7  hr.  The  oxidation  equaled  0.06Z,  and  the  acid  number  was 

2 

0.5  mg  KOH/g.  In  tubes  with  pistes  having  an  area  of  1.7  cm  after  10  hr  of 
oxidation  there  were  no  deposits  in  the  oil,  and  the  acid  number  was 
0.38  mg  KOH/g. 


Table  32.  The  Catalytic  Influence  of  Metale 
on  Oil  Oxidation  at  150* C* 


Catalyst 

Oil  viscosity 

Stability  after 
oxidation 

number  of 
oxidation 
tests 

ilKuMa 

At 

-4o°c 

sj  nqgf 

Acid  noJ 

mg  KOH/p 

MK- 

•8  Oil 

(100  g  oil,  10  hr. 

air  delivery  10  1/ hr) 

with  no  catalyst  . 

9.1*1 

6960 

0.006 

0.06 

4 

copper . 

9.47 

7970 

0.348 

0.62 

8 

steel . 

9.39 

7189 

0.056 

0.10 

4 

aluminum . 

9.29 

6861 

0.017 

0.08 

6 

magnesium  . 

9.23 

7595 

0.013 

0.09 

2 

silver  . 

9.23 

7640 

0.021 

0.05 

2 

tlr.  . 

9.15 

7610 

0.034 

0.07 

2 

zinc  . 

9.20 

7454 

0.035 

0.09 

2 

chrome  . 

9.80 

7307 

0.024 

0.09 

2 

nickel  . 

9.17 

7452 

0.015 

0.09 

2 

titanium  . 

9.13 

7400 

none 

0.11 

2 

Oil  based 

on  diesters 

|  (30  g  oil,  50  hr. 

air  delivery  3  l/hr) 

aluminum  . 

— 

— 

0.028 

0.32 

1  2 

copper  . 

- 

- 

0.134 

1.57 

2 

lead  . 

- 

0.032 

0.56 

1  2 

2 

•  The  area  of  the  metal  plates  was  10  cm  ;during  the  oxidation  of 
synthetic  diester  oil,  three  plates  of  the  metal  specified  were 
placed  in  each  test  tube. 


During  TRD  operation  oil  baalcally  oxidizes  In  a  thin  f 11a  (and  not  In 
volume),  since  It  la  sprayed  on  the  Metallic  surfaces  of  parts  In  the  form  of 
a  mist  or  as  a  fine  oil  spray.  Oil  la  also  sprayed  Into  the  drive  housings 
of  toothed  gears  rotating  at  high  speeds,  the  oil  spray  which  forms  oxidizes 
while  in  contact  with  air  in  ths  hot  engine  parts,  l.a.  Ir.  those  cases 
oxldetlon  of  oil  occurs  to  s  liquid  drop  stats.  Striking  ths  hot  engine 
parts,  the  oil  oxidizes  while  In  s  thin  film  stats.  In  flowing  from  the 
engine  parts  end  from  ths  oil  simps,  the  oil  enters  the  evacuation  oil  pump 
and  is  again  directed  toward  the  lubrication  of  hot  friction  points  and 
engine  parts.  During  this  process  Its  partial  vaporization  occurs. 
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A  film  of  oxidized  oil  (varnish)  is  usually  observed  along  the  operating 
surfaces  of  roller  bearings;  these  are  denser,  more  abrasive  products  of 
Intensive  oil  oxidation  and  accumulate  in  the  jets  of  the  injectors,  on  the 
transmission  housing,  they  are  concentrated  on  the  screening  elements  of 
fine-cleaning  filters  and  in  a  number  of  other  places.  The  products  of 
intensive  lubricating  oil  oxidation  often  are  deposited  on  shaft  spline 
couplings,  and  also  on  the  turbostarter  friction  disks,  and  in  places  where 
the  centrifugal  separation  of  oil  occurs,  for  example  in  the  area  of  a 
secondary  shaft  bearing. 

One  of  the  basic  requirements  In  the  selection  of  a  lubricant  for  an 
engine  is  compliance  of  the  thermal  oxidation  stability  of  the  oil  with 
engine  operating  conditions.  Prom  this  point  of  view  the  method  of  evalu¬ 
ating  the  thermal  oxidation  stability  of  TKD  oils  has  a  great  deal  of 
significance. 

Laboratory  Evaluation  Methods  for  Thermal  Oxidation  Stability 

There  are  a  number  of  laboratory  methods  for  making  a  preliminary 
evaluation  of  the  thermal  oxidation  stability  of  lubricants.  The  main  ones 
will  be  examined  below. 

Notwithstanding  the  fact  that  oil  oxidation  in  a  TRD  occurs  basically  in 
a  thin  film  or  in  a  aprayad  condition,  both  In  the  USSR  and  abroad  up  until 
the  present  time  methods  of  evaluating  oil  oxidation  in  volume  have  been 
employed.  Among  these  is  the  method  of  evaluation  o.'  thermal  oxidation 
stability  widely  enployed  in  the  Soviet  Union  developed  for  transformer  oil 
in  the  All-Union  Heat  Engineering  Institute  more  than  25  years  ago. 

Recently  the  stability  of  TRD  oils  has  been  evaluated  by  this  method.  This 
method  is  based  on  the  oxidation  of  a  specific  volume  of  oil  by  bubbled 
oxygen  in  the  presence  of  Che  oxidation  of  catalyzing  metals,  ordinarily 
copper  and  iron  balls  (GOST  981-56). 

After  a  number  of  changes  this  method  was  placed  into  practice  to 
investigate  TRD  oils. 

However,  due  to  the  different  operating  conditions  of  TRD  lubricants  of 
various  modifications  and  non-identical  stability  of  the  oils  themselves 
during  the  employment  of  this  method,  different  temperatures,  air  quantities, 
etc  have  been  employed. 


Available  generalized  experience  In  Che  employment  of  various  modifica¬ 
tions  of  this  method  In  the  USSR  Indicates  that  currently  an  evaluation  of 
the  thermal  oxidation  stability  of  TRD  oils  for  research  purposes  la 
accomplished  under  the  following  conditions;  the  temperature  la  140-220*C; 
the  quantity  of  air  for  oxidation  la  SO  to  250  mt/mln;  oxidation  duration  la 
S  to  72  hr;  and  the  catalysts  are  plates  of  2  to  7  metals. 

As  we  have  already  pointed  out,  the  volume  method  of  oil  oxldetlon 
unsatisfactorily  reflects  the  oxidation  process  in  an  engine.  In  order  to 
judge  correctly  Che  tendency  of  an  oil  toward  deposit  and  coke  formation 
during  TRD  operation,  it  is  necaaaary  to  determine  Its  thermal  oxldetlon 
stability  not  only  in  volume,  but  also  In  a  thin  film. 

Methods  previously  developed  in  the  USSR  for  the  Investigation  of  the 
oxidizability  of  oils  in  a  thin  film  [56]  were  intended  for  the  evaluation  of 
the  stability  of  oils  employed  in  piston  engines,  although  some  of  these.  In 
principle,  m;iy  be  successfully  employed  In  the  area  of  low-viscosity  TRD 
oils.  Recently  a  number  of  metheds  of  evaluating  the  atablllty  of  let  oils 
in  a  thin  film  have  been  developed  and  applied;  among  these  are  the  Shmelev 
method,  the  Papok  and  Zuseva  method  of  thln-fllm  oxidation,  and  others 
[57-60]. 

In  accordance  with  Shmelev's  method,  a  thin  oil  film  la  oxidized  on  a 
heated  metal  surface.  Oil  at  a  specified  rate  of  drop  formation  Is 
delivered  to  a  metal  plate,  heated  to  an  established  temperature,  which  Is 
located  In  a  special  chamber.  The  oil  flows  along  the  inclined  plate,  Is 
oxidized  by  abnospherlc  oxygen  In  the  presence  of  the  catalytic  effect  of 
metal  end  forma  e  carbonaceous  deposit  on  the  plate.  The  quantity  of  air  In 
the  oxidation  chamber  Is  maintained  at  a  specified  level.  Thln-fllm  oil 
atablllty  la  judged  mainly  by  the  quantity  of  deposits  on  the  plats  (in  mg), 
by  the  change  In  the  physlcochesdcal  properties  of  the  oil  after  oxidation 
and  by  the  composition  of  the  deposits  (COST  2862-47).  Simultaneously 
veporlaablllty  of  the  oil  la  evaluated  from  the  difference  between  the 
quantity  of  oil  subject  to  oxidation  and  the  quantity  remaining  in  tbs  device 
after  oxidation. 

The  design  of  the  device  Is  shown  In  Figure  27.  The  device  conslato  of 
reaction  chamber  (8),  In  which  metallic  plate  (12)  Is  placed  on  the  heater  at 
a  45*  angle;  the  temperature  of  the  plate  la  aept  constant  during  the  test. 
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Oil  from  small  tank  (1),  which  Is  equipped  with  a  heater,  drops  to  the  plate 
through  measuring  valve  (4)  at  a  specific  rate,  flow a  from  the  plate  and  is 
collected  at  the  bottom  of  the  chamber.  The  air  which  enters  the  hermetic¬ 
ally  sealed  reaction  chamber  is  regulated  by  means  of  flowmeter  (IS),  and  the 
air  which  la  evacuated  from  the  chamber  is  regulated  by  a  vacuum  pump. 


Figure  27.  The  design  of  a  device  for  thin-film  oil  oxidation  on 
a  panel:  1,  Small  tank  for  oil;  2,  Thermometer;  3,  Valve; 

4,  Regulating  valve;  5,  Small  tank  heater;  6,  Galvanometer; 

7,  Glass  pipe;  8,  Reaction  chamber;  9,  Thermocouple;  10,  Heater, 

11,  Clamp;  12,  Test  plate;  13,  Gasket;  14,  Drcln  valve;  15,  Flow¬ 
meter;  16,  Receiver;  17-19,  Refrigeracors;  20,  Air  valve 

The  teat  conditions  are  as  follows:  the  quantity  of  oil  poured  into  the 
small  tank,  50  mi;  duration  of  pumping  of  air  through  the  chamber,  3  t/hr; 
race  of  oil  drop  formation  0.5  ai/mln;  duration  of  experiment  100  •  3  min. 

It  la  possible  to  oxidise  oil  on  plates  of  various  metals  at  different 
temperatures.  Figure  28  shows  the  relationship  between  the  quantity  of  the 
deposits  and  the  temperature  of  the  plate,  which  permits  us  to  compare  the 
therMl  oxidation  stability  of  different  oils. 

In  order  to  evaluate  a  change  in  oil  stability  during  multiple  oxidation 
in  a  thin  layer  (which  more  closely  reflects  oil  oxidation  conditions  in  an 
engine)  It  la  advantageous  to  pass  the  same  oil  through  the  device  several 


tines,  while  coopering  the  thermal  oxidation  stability  of  fraah  oil  and  oil 
which  haa  been  subject  to  multiple  oxidation  (Figure  29),  as  well  as  with  oil 
after  extended  operation  in  a  TRD. 
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Figure  28.  The  thermal  oxidation  stability  characteristic  of 
petroleum  oils  In  a  thin  film 


Table  33  shows  the  results  of  investigations  of  TRD  petroleum  oils  In 
accordance  with  the  method  described.  MS-20  oil  is  characterized  by  a  small 
tendency  toward  the  formation  of  a  varnish  film. 


Table  33.  Tendency  of  TRD  Petroleum  Oils  Toward  Formation  of  a  Varnish  Film 


Quantity  of  deposits  on  aluminum  plate  at  tern 

perature  °C 

100 

200 

220 

240 

260 

0.0030 

0.0012 

0.0007 

0.0103 

0.0096 

0.0055 

0.0013 

0.0159 

0.0201 

0.0075 

0.0025 

0.0416 

0.0258 

0.0042 

0.0037 

0.0694 

0.0232 

0.0038 

0.0021 
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Figure  29.  The  convergence  of  tha  raaulta  of  multiple  thln-flla 
oxldaclon  of  oils  with  tha  raaulta  of  thalr  oxidation  In  a  TRD : 

1/  011  A,  fraah;  2,  Oil  A,  after  300  hr  of  engine  operation; 

3,  011  A  after  four-atage  oxidation  In  a  teat  device;  4,  Oil  C, 
fraah;  5,  Oil  C,  after  300  hr  of  engine  operation;  6y  Oil  C 
after  four-etaga  oxidation  in  a  teat  device 

The  most  oxidation- reala tint  olla  proved  to  be  those  of  narrow 
fractional  composition. 

The  Pratt-Whitney  method  la  used  *•  the  United  States,  which  permits 
evaluating  the  tendency  of  olla  toward  the  formation  of  carbon  deposits  on 
engine  parts  at  high  temperatures.  The  oil  la  oxidised  In  a  thin  layer  using 
a  special  device.  The  oil  in  this  device  is  located  in  a  special  Inclined 
tray.  An  electric  heater  with  an  aluminum  plate  is  located  above  the  tray. 
Oil  la  sprayed  on  the  hot  alualnin  plate  by  means  of  a  rotating  shaft  with  a 
toothed  comb-llke  structure,  where  it  is  oxidised.  Tests  are  conducted  for 
eight  hours;  the  thermal  oxidation  stability  of  the  oil  la  evaluated  In 
accordance  with  tha  mass  of  the  coke  formed  on  the  plate.  Not  more  than 
100  g  of  deposits  are  authorised. 

The  most  promising  of  theae  methods  for  evaluating  TRD  oils  are  those  In 
which  It  la  possible  to  determine  not  only  the  thermal  oxidation  stability, 
but  also  a  number  of  ocher  oil  characteristics  associated  with  this 
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characteristic.  For  example,  in  the  BSA  a  mat hod  la  aaployed  for  evaluating 
the  petroleum  oils  Turboil-1  and  Turboil-2  (specif lcatlon  M1L-O-6081B) , 
which  permits  the  simultaneous  determination  of  corrosion  propart lee  and 
stability  after  oxidation  for  168  hr  at  121*C  by  aaana  of  plates  of  copper, 
steal,  aluminum  alloy,  magnesium  alloy  and  ceded ua  steal. 

The  corrosion  activity  and  thermal  oxidation  atehility  of  the  oil  is 

evaluated  by  three  indicators:  these  include  the  corrosion  of  the  metals 

2 

indicated  (not  more  than  ±0.2  mg/ cm  );  a  change  in  viscosity,  determined  at 
37.8*C  (within  the  limits  from  -S  to  20Z),  and  an  increase  in  the  acid  number 
(not  aura  than  0.2'  mg  KOfl/g). 

Evaluating  the  Thermal  Oxidation  Stability  on  Special  Devices 

Of  the  special  devices  employed  abroad  for  the  evaluation  of  thermal 
oxidation  stability  of  oils,  the  d evicts  of  Neplr  and  Wright  [61]  deserve 
at  tent  ion. 

In  Neplr's  device  oil  la  oxidised  at  280*0  in  ball  bearings,  rotating  at 
a  rate  of  21,000  rpm;  1.7  i/hr  of  oil  is  circulated  through  each  bearing. 

The  test  is  conducted  in  cycles  until  the  appearance  of  significant  deposits 
or  until  the  bearings  are  damaged.  The  teat  cycle  Includes  an  Increase  in 
oil  temperature  for  45  min  to  280*C  and  operation  at  this  temperature  for 
6.5  hr. 

In  Wright's  device  oil  is  oxidised  for  7  hr  at  a  rotating  bearing  speed 
of  8300  rpm;  the  temperature  of  the  external  bearing  yoke  is  382*0.  Oil 
flows  through  each  bearing  at  a  rate  of  0.3  i/hr. 

Most  promising  is  the  domestic  PZZ  device  [58]  which  was  previously 
employed  mainly  to  check  the  quality  of  sntor  oils.  With  this  device  it  Is 
possible  in  a  short  period  of  time  to  determine  fully  the  stability,  vapor- 
Isablllty  and  corrosion  properties  of  TRD  oils. 

The  PZZ  device  (Figure  30)  la  a  circulation  svstem  consisting  of  oil 
tank  (2)  with  electrical  heater  (3),  special  cassette  (7)  in  triilch  eight 
metal  plates  are  located  and  oil  pump  (5)  which  la  rotated  by  electric 
motor  (6). 

The  test  oil  (2S0  mi),  heated  to  the  required  teaparature  (usually 
150*0 ,  le  delivered  by  the  oil  pusqi  at  the  rate  of  125  i/lir  from  the  feed 
tank  to  the  cassette  with  plates;  the  oil  washes  the  plates,  than  flows 
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through  the  pipe  to  the  upper  part  of  the  tank  and  la  sprayed  on  the  heated 
aides  of  the  tank;  after  this  the  oil  flows  downward  and  again  circulates 
through  the  device.  The  pressure  pump  of  the  device  delivers  air  (50  i/hr) 
for  two  hours. 


Figure  30.  A  PZZ  device  for  the  evaluation  of  the  operating 
properties  of  Jet  oils:  1,  Flowmeter;  2,  Small  tank;  3,  Electric 
heater;  4,  Oil;  5,  Pump;  6,  Electric  motor;  7,  Cassette  with 
plates 

Thermal  oxidation  stability  of  the  oil  is  judged  by  the  acidity, 
viscosity  and  quantity  of  deposits  in  that  part  of  the  oil  remaining  after 
oxidation.  Oil  vaporixability  is  determined  by  the  quantity  difference 
before  and  after  testing. 

The  PZZ  device  permits  determining  in  two  hours  the  thermal  oxidation 
stability  of  TRD  oils  (Table  34)  and  the  effectiveness  of  the  Introduction 
Into  these  oils  of  antioxidation  additives. 

Methods  of  Improving  the  Thermal  Oxidation  Stability 
Domestic  TRD  petroleum  oile  which  contain  no  antioxidation  additives 
resemble  each  other  in  thermal  oxidation  stability  but  MS-6  oil  la  somewhat 
inferior  In  this  respect  to  MX-6  oils  (Table  35)  and  MK-8  oila  (see 
Table  29). 


Table  34.  The  Stability  of  TRD  Petroleum  Oils, 
Determined  on  the  PZZ*  Device 


Acid  no. 
KOH/g 

mg 

Quantity 

of 

deposits 

after 

test 

Viscosity  at 

50°C,  cs 

Oil 

Before 

testing 

After 

testing 

Before 

testing 

After 

testing 

KK-6  . 

0.03 

0.03 

6.49 

0.03 

At 

150°C 

3.6 

6.1 

9.2 

MK-6  +1.7 
t  lonol 

0.4 

6.1 

6.3 

At 

175°C 

MK-8 

o.o4 

2.50 

0.35 

- 

MK-8  +11 

lonol 

o.o4 

0.18 

At 

0.20 

200°C 

- 

- 

MK-8 

o.o4 

2.89 

1.1 

8.1 

13.1 

MK-8  +  1 
f  lonol 

0.04 

1.57 

0.6 

8.1 

10.4 

*  The  data  were  obtained  by  A.  P.  Zarubin  I 

The  thermal  oxidation  stability  of  petroleum  oils  Is  a  result  of  their 
different  chemical  grcup  composition,  l.e.  the  presence  aud  peculiarities  of 
the  structural  composition  of  their  component  hydrocarbons.  The  chemical 
group  composition  of  TRD  petroleum  oils  and  Its  influence  on  the  basic 
operating  properties  of  oils  Is  discussed  In  more  detail  in  Chapter  Eleven. 
Mere  we  shall  point  out  only  that  MS-6  oil  from  Tuymary  crude  contains  an 
insufficient  number  of  natural  antioxidants,  l.e.,  aromatic  hydrocarbons  of  a 
specific  structure. 

The  thermal  oxidation  stability  of  MS-6  oil  is  Increased  to  the  level  of 
this  Indicator  for  KK-8  oil  by  tha  introduction  of  the  antloxldatlon  additive 
lonol  (GOST  10894-64)  during  plant  production. 

It  Is  apparent  from  the  data  In  Table  33  that  MS-6  oil  has  good  lonol 
susceptibility.  Thus  after  the  addition  to  tha  oil  of  0.2Z  lonol,  deposits 
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after  oxidation  of  the  oil  at  120*C  were  lackiog  and  the  acid  number  was  only 
0.15-0.17  mg  KOH/g,  which  exceede  the  requirements  of  GOST  6457-66.  The 
introduction  of  larger  quantities  of  Ionol  gives  less  effect  and  is  therefore 
not  advantageous  since  the  cost  of  the  oil  increases.  MS-6  oil  oxidation  at 
increased  temperatures  by  a  more  stringent  method  (see  Table  35)  also 
confirms  the  high  Ionol  susceptibility  of  MS-6  oil. 

Table  35.  The  Thermal  Oxidation  Stability  of  MS-6  and  MK-6  Oils 


Oil 

Ionol 

Stability  after  Oxidation 

Content 

% 

Acid  No.  mg 

KOH/g 

Quantity  of 
deposits ,f 

Oxidation  In  accordance  with  GOST  981-56 

MS-6 

specimen  1 

- 

0.46 

0.12 

specimen  1 

0.2 

0.15 

none 

specimen  2 

- 

0.32 

0.09 

specimen  2 

0.2 

0.17 

none 

MK-6 

specimen  1 

- 

0.33 

0.08 

specimen  2 

- 

0.34 

0.05 

specimen  3 

- 

0.34 

0.03 

Oxidation  at  175°C 

(the 

stringent  method) 

MS-6 

1.70 

1.82 

0.5 

0.26 

0.72 

0.75 

0.13 

0.42 

1.00 

0.03 

0.28 

1.50 

0.01 

0.16 

MK-6 

- 

2.30 

2.68 

0.5 

2.27 

2.61 

0.75 

1.86 

1.89 

1.00 

1.80 

1.84 

1.50 

0.19 

0.61 
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MX- 6  oil  satisfies  the  stability  requirements  of  GOST  6457-66  without 
the  addition  of  lonol. 

Tha  tharaal  oxidation  stability  of  MK-8  oil,  lntandad  for  thermally 
straaaad  TB5  applications,  la  Improved  aoaawhat  by  tha  Introduction  of 
0.6X  lonol.  The  oil  operates  satisfactorily  In  thermally  streased  TtD 
Installations  when  It  Is  changed  and  the  oil  filter  cleaned  after  each  50  hr 
of  engine  operation.  The  quantity  of  deposits  Is  less  than  In  the  case  of 
the  use  of  KK-8  oil  without  an  additive. 

For  the  overwhelming  aajorlty  of  caaaerclal  batches  of  MK-8p  oil,  with 
the  correct  choice  of  a  base  (Balakhany  petroleua  oil),  the  Introduction  Into 
MK-8  oil  of  0.61  of  the  additive  lonol  guarantees  that  In  compliance  with 
GOST  6457-66  the  quantity  of  deposits  after  oxidation  will  not  be  more  than 
0.15%  and  the  acid  number  will  not  be  more  than  0.6  mg  KOH/g  (Table  36). 

The  thermal  oxidation  stability  of  MK-8  oil  may  be  increased  by  adding 
to  it  other  antloxldatlon  additives,  for  ex tapis,  paradlphenylamlne  oxide, 
the  AxNIl- levin  additive,  etc.  (62]. 


Table  36.  The  Thermal  Oxidation  Stability  of  MK-8  Oil  with  the 
Addition  of  Ionol* 


Specimen 

Ionol 

con- 

Stability 

oxidatio 

t  after 

tent 

t 

Acid  No. 
mg  KOH/g 

Amount  of 
deposits 

I 

Oil  Requirements 
GOST  6457-66 

which  satisfy  the 

Specimen  1 

- 

1.58 

1.34 

tt 

0.5 

0.56 

0.15 

it 

0.6 

0.12 

0.004 

tt 

0.7 

0.07 

0.007 

Specimen  2 

- 

1.75 

1.66 

It 

0.6 

0.60 

0.14 

Specimen  3 

-  , 

1.67 

1.58 

II 

0.6 

0.11 

0.02 

Specimen  4 

- 

2.00 

0.96 

It 

0.5 

0.17 

None 

Specimen  5 

- 

0.83 

0.86 

tt 

0.6 

0.19 

0.02 

Specimen  6 

- 

0.75 

1.00 

ft 

0.6 

0.42 

0.10 

Specimen  7 

— 

0.87 

0.82 

It 

0.6 

0.19 

0.01 

Specimen  8 

- 

1.67 

1.58 

It 

0.6 

0.30 

0.05 

Specimen  9 

- 

0.87 

0.82 

It 

0.6 

0.18 

0.03 

Specimen  1C 

- 

0.93 

1.08 

It 

0.6 

0.50 

0.28 

Specimen  11 

- 

0.87 

0.82 

V 

0.6 

0.19 

0.01 

Oil  specimens  which  do  not  satisfy 
the  GOST  6457-66 

Specimen  1 

- 

0.93 

1.08 

ft 

0.6 

0.64 

0.28 

Specimen  2 

• 

0.96 

1.10 

It 

0.6 

0.64 

0.36 

Specimen  3 

- 

1.67 

1.66 

If 

0.6 

0.80 

0.45 

Specimen  4 

- 

0.91 

0.98 

If 

0.6 

0.76 

0.61 

Specimen  5 

- 

0.96 

1.10 

It 

0.6 

0.64 

0.36 

Specimen  6 

- 

1.67 

1.66 

It 

0.6 

0.80 

0.45 

*  Oxidation  was 

accomplished  at 

175°C  Tor  10  hr, 
air  delivery  was 

and  the  rate  of 

3  1/  hi. 
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CHAPTER  SEVEN 


THE  LUBRICATING  AND  ANTI-WEAR  PROPERTIES  OF  OILS  FOR  TURBOJET  ENGINES 
The  Significance  of  Lubricating  end  Anti-wear  Properties 

Lubricant a  employed  in  a  TRD  must  protect  antifriction  bearings  and  gear 
transmissions  from  increased  wear,  must  prevent  the  Jamming  of  rubbing  parts, 
and  must  provide  for  reliability  and  longevity  in  engine  operation  during  the 
period  of  service  of  the  resource. 

The  nature  and  degree  of  wear  of  rubbing  parts  is  determined  by  their 
design  and  operating  conditions  (loads,  the  rates  of  rotation  of  rubbing 
couples,  temperature,  etc.),  and  also  by  lubricant  properties. 

The  use  of  antifriction  bearings  in  the  main  TRD  operating  assemblies 
permits  us  to  employ  low-viscosity  lubricants  in  these  engines;  the  gear 
drive  transmissions  of  various  assemblies  transmit  relatively  low  power 
(200-600  hp) ,  bear  loads  up  to  40-50  kg  per  A  wa  of  tooth  width  and  therefore 
do  not  determine  the  choice  of  lubricant  type  and  quality.  However,  due  to 
small  dimensions  and  low  weight,  these  friction  points  are  stressed  to  a 
degree  which  requires  lubricants  of  high  quality. 

The  lubricant  supplied  to  the  antifriction  bearings  reduces  the  friction 
between  rolling  bodies  and  the  rings,  between  rolling  bodies  and  the  cages, 
and  also  between  the  ceges  and  the  ring  flanges.  In  filling  the  gaps  between 
bearing  parts,  the  oil  provides  for  greater  elasticity  in  bearing  load 
acceptance,  removes  heat  from  the  bearing  and  protects  it  from  corrosion. 

It  must  be  considered  Chat  the  lubricating  (anti-wear)  properties  of  oil 
are  determined  by  its  load-carrying  capacity  (the  capacity  of  an  oil  film  to 
accept  and  withstand  a  load  without  being  forced  frcm  the  gaps  between 
rubbing  parts)  and  its  lubricity  which  provides  for  the  creation  of  a  firm 
film  on  the  surface  of  the  rubbing  pairs. 

The  load-carrying  capacity  of  the  oil  is  determined  by  its  viscosity 
(63].  In  agreement  with  the  hydrodynamic  theory  of  lubrication  (64)  the 
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load -carrying  capacity  of  an  oil  film  la  dateralnad  by  tha  viscosity  of  tha 
oil  and  by  tha  rata  of  ralatlva  displacement  (sliding)  of  tha  rubbing 
aurfacaa.  Tha  hlghar  tha  viscosity  of  tha  oil  and  tha  sliding  rata,  tha 
hlgri*r  era  load-carrying  capacity  of  tha  oil  layar. 

Basad  on  thaaa  stateasnts,  olio  with  high  viscosity  ara  prafarrad; 
hovevsr ,  as  a  rule,  thay  are  charsctarlsad  by  poor  low-temperature  and 
starting  proper tlas.  In  addition  a  reduction  In  the  viscosity  of  oils 
employed  In  tha  TRD  is  panslsslbla  only  to  a  specific  Halt,  since  lov- 
vlscoslty  oils  causa  an  Increase  In  pox-llka  wear  (pitting),  which  la 
characteristic  for  toothed  wheals  and  antifriction  bearings.  The  aost 
probable  hypothesis  for  tha  foraatlon  of  pitting  states  that  during  high 
temperatures  and  high  cyclic  contact  loads,  fatigue  cracks  fora  as  a  result 
of  shaking  with  slippage  on  rubbing  aurfacaa.  Subsequently,  due  to  tha 
wedging  affect  of  the  oil  [65],  these  cracks  ara  transformed  Into  pitted 
ulcers  on  tha  metal  surface.  Oil  having  low  viscosity  penetrates  easily 
under  pressure  into  the  microcracks  In  tha  metal.  The  work  of  a  masher  of 
researchers  [66-68]  has  revealed  that  pitting  la  reduced  with  the  use  of 
high-vlscoslty  oils. 

Therefore  In  choosing  oils  with  optima  lubricating  characteristics 
their  viscosity  properties  must  be  taken  Into  consideration,  as  well  aa  the 
design  peculiarities  of  the  mechanisms  for  which  the  oils  are  intended. 

The  viscosity  of  petroleum  and  synthetic  oils  employed  in  the  TRD  fallo 
mainly  within  the  range  5-10  cs  at  50*C,  although  In  some  cases  petroleum 
oils  with  a  viscosity  of  4-4.5  cs  are  employed. 

Abroad  It  la  considered  that  reliable  lubrication  of  the  TRD  in  the 
range  of  high  temperatures  Is  provided  by  means  of  a  lubricating  oil  with 
a  viscosity  of  not  leas  than  3.0-3. 5  cs  at  100*C. 

If  the  rubbing  s;irface  Is  not  fully  coated  with  a  layer  cf  oil,  i.e., 
the  liquid  lubrication  la  sot  complete,  which  Is  characteristic  for  gear 
trains  and  antifriction  bearings,  wear  and  sticking  of  the  surfaces  no  longer 
depend  on  oil  viscosity,  but  on  tha  lubricating  properties  or  lubricity  of 
the  oil,  which  la  determined  by  the  capacity  of  the  oil  to  form  firm  cross- 
linked  layers  with  the  correct  distribution  of  oriented  molecules  on  the 
surface  of  the  metal. 


This  high  orientation  capacity  on  the  surface  of  the  metal  is  possessed 
by  surface-active  substances  contained  in  Che  oil.  Such  substances  are 
naphthenic  and  carboxylic  adds,  resins,  asphalt-resin  products,  sulfur 
compounds,  etc.  Hera  we  must  also  consider  oxygen-containing  compounds  which 
form  during  the  oxidation  of  oil,  and  also  the  various  additives  introduced 
into  petroleum  and  synthetic  oils  [69-70]. 

The  lubricating  properties  of  petroleum  oils  which  show  little  differ¬ 
ence  in  viscosity  are  quite  close,  which  has  been  confirmed  by  investiga¬ 
tions. 

The  extended  operation  of  subsonic  mass-produced  TRD's  with  such 
petroleum  oils  as  MK-8  and  transformer  oil  reveals  that  these  oils  provide 
reliable  lubrication  of  engines  during  the  entire  period  of  their  service. 

In  connection  with  the  increased  operating  temperatures  in  supersonic  TRD's, 
it  is  necessary  to  enhance  the  lubricating  capacity  of  oils.  Recently, 
therefore,  a  great  deal  of  work  has  been  accomplished  in  investigating  and 
selecting  anti-wear  additives  for  petroleum  and  synthetic  TRD  oils. 

The  lubricating  properties  of  TRD  oils  both  in  the  Soviet  Union  and 
abroad  are  evaluated  according  to  various  methods  with  the  use  of  diverse 
laboratory  friction  machines,  including  special  devices  and  stands. 

Methods  of  Evaluating  Lubricating  Properties 
The  Four-Ball  Friction  Machine 

In  the  USSR  and  abroad  the  anti-wear  properties  of  TRD  oils  are 
preliminarily  evaluated  on  a  four-ball  friction  machine. 

In  different  design  versions  of  the  four-ball  friction  machine  a  pyramid 
of  'hree  fixed  balls  in  one  movable  upper  ball  serve  as  the  main  operating 
friction  point.  By  means  of  the  four-ball  friction  machine,  as  demonstrated 
by  V.  A.  Listov,  the  comparative  characteristics  of  the  anti-wear  properties 
of  oils  may  be  obtained  by  the  so-called  step  loading  method  (usually  the 
one-minute  method),  by  testa  for  film  longevity  at  constant  load  and  by 
other  methods  [71-72). 

Usually  the  lubricating  properties  of  TRD  oils  are  investigated  on  the 
four-ball  friction  machine  under  room  temperature  conditions  by  means  of  th 
the  one-minute  method,  employing  steel  bells  with  a  disaster  of  9.5  or  19  me; 
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the  rate  of  rotation  of  the  Machine  rotar  la  1400  rpm.  A a  a  reeult  the 
critical  oil  film  breakdown  load  (P^)  and  the  diameter  of  the  wear  trace  (In 
*■)  P^  era  determined.  Since  dry  friction  la  not  permlaalble  In  a  TRD  and 
the  oil  must  provide  for  the  operation  of  nibbing  parta  with  minimum  wear 
without  etlcklng,  the  raaulta  of  investigation  on  the  four-ball  friction 
machine,  obtained  In  tha  region  of  aubcrltical  loads,  are  of  great  interest. 

^*ble  37  shows  the  results  of  an  Investigation  of  the  antl-^rear  proper¬ 
ties  of  TRD  petroleum  oils  on  a  four-ball  machine  at  usual  temperatures  In 
accordance  with  the  one-minute  method  with  balls  having  a  diameter  of  9.5  n. 


Table  37.  The  Anti-wear  Properties  of  TRD  Petroleum  Oils 


Oil 

Maximum  load  for 
dlaruptlon  of  the 
oil  film  Pk,  kg 

Anti-wear  properties  1 

Wear  trace 
diameter  at  P^, 

Ratio  of  MS-20  oil 

Pk  to  Pk  of 

remaining  oils 

MR-8 

28 

0.39 

1.79 

MK-6 

33 

0.36 

1.53 

MS-6 

30 

0.37 

1.67 

transformer 

30 

0.36 

1.67 

MS-20 

50 

0.38 

1.0 

A  Stand  with  a  Free  Overrunning  Shaft 
In  accomplishing  investigations,  the  lubricating  properties  of  oils  are 
evaluated  on  a  stand  proposed  by  I.  G.  Shmelev.  The  basic  operating  part  of 
the  stand  la  a  shaft,  installed  in  ball  bearings.  The  speed  of  shaft  rota¬ 
tion  is  increased  to  a  specific  number  of  rpm,  then  the  drive  is  disconnected 
and  the  shaft  rotates  to  a  complete  stop.  Tests  are  conducted  with  a  load  on 
the  shaft  and  without  a  load.  Data  concerning  the  lubricating  capabilities 
of  oils,  determined  by  this  method,  are  shown  in  Table  38. 

The  greater  the  lubricating  capacity  of  the  test  oil,  tha  higher  'he 
number  of  revolutions  the  shaft  will  aaka  befora  seel ring,  or  the  higher 
will  be  the  ratio  of  the  number  of  ahaft  revolutions  with  a  load  to  the 
ni*ber  of  shaft  revolutions  with  no  load.  It  is  considered  that  the  stand 
with  a  free  overrunning  shaft  permit*  determining  the  lubricating  capacity  or 
the  lubricity  of  tha  lubricating  material  testad. 
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Table  38.  Tha  Lubricating  Capability  of  TRD  Petroleun  Oils  Determined 
In  Accordance  with  the  Free  (Bearing)  Shaft  Overrun  Method* 


Indicators 

Total  number  of  of  shaft 
revolutions  from  3000  rpm 
to  a  atop 

|  MK-6 

MK-8 

At  20*C 

with  no  load  (a) 

23,320 

18,190 

with  200-kg  load  on  on 

the  bearings  (b) 

7,118 

6,445 

ratio  a:b 

3.3 

3.8 

At  100*C 

with  no  load  (a) 

30,756 

33,005 

with  bearing  load  of 

200  kg  (b) 

3,324 

7,995 

ratio  atb 

3.7 

4.1 

*  Tbeae  data  were  obtained  by  1.  C.  Stmelcv . 

The  Friction  Machine  of  Klimov  and  Vilenkin  (KV-1)  [73] 

The  KV-1  friction  machine  la  employed  In  order  to  evaluate  the  anti-wear 
propert.I.ea  of  Jet  olla.  It  la  considered  that  according  to  aurface  friction 
conditions  the  machine  approximates  a  number  of  actual  mechanisms,  for 
example,  gear  trains.  In  this  machine  (Figure  31)  the  friction  pair  la 
formed  by  roller  (1)  (which  la  stationary  or  which  Is  rotated  by  an  Independ¬ 
ent  drive)  and  coll  (2)  of  special  wire,  which  is  wound  along  a  spiral 
channel  of  rotating  disk  (3).  Since  the  coll  Is  wound  on  disk  (3)  In  a 
spiral,  tha  place  of  contact  of  the  coil  and  roller  (1)  during  disk  rotation 
constantly  changes  and  each  point  of  the  combined  friction  surfaces  comes 
Into  contact  one  time  In  one  revolution  of  the  disk. 

Tha  load  at  the  friction  point  is  created  by  hydraulic  loader  (6)  and  is 
controlled  in  accordance  with  manometer  (8).  The  machine  has  a  device  (7) 
for  rapid  load  application  and  removal.  Replaceable  disks  (3)  have  diameters 
from  34  to  210  mm;  the  oil  In  bath  (9)  and  the  friction  pair  submerged  In  It 
may  be  heated  to  200*C;  disk  rpm  la  controlled  with  the  aid  of  strobo¬ 
scope  (4).  The  speed  of  rotation  of  disk  (3)  may  be  adjusted  within  the 
limits  of  100-2800  rpm. 
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Figure  31.  Diagram  of  th«  KV-1  friction  machine:  1,  Roller; 

2,  Coll;  3,  Disk;  6,  Stroboscope;  5,  Neon  Imp;  6,  7,  Loaders; 

8,  Manoastsr;  9,  Bath;  10,  Clamping  chuck 

The  design  charactarlstlcs  of  the  Machine  permit  evaluating  the  anti- 

wear  properties  of  petroleus  products  at  friction  pair  sliding  rates  of 

2 

0.2-30  «/sec,  at  specific  pressures  up  to  50,000  kg/ ca  end  at  teaperatures 
to  200*C  (Table  39). 

Table  39.  The  Antl-vear  Properties  of  TRD  Petroleum  Oils  Determined  on  the 

KV-1  Machine 


Oil 

Critical  seizing  load  P^  at 
friction  pair  sliding  rates 

ocf/ra 

«7/tbi 

Ml-8 

17.0 

5.0 

3.0 

MS-6 

15.0 

6.1 

2.6 

M3-6 

16.7 

6.7 

2.5 

The  teats  ere  conducted  in  the  following  Banner:  the  temperature  la 
established  la  bath  (9)  and  the  rate  of  rotation  of  disk  (3)  Is  established 
up  to  specified  values  end  a  step  load  Is  applied  to  the  friction  pair  (each 
step  la  not  more  than  10Z  of  the  seising  load  F^>;  the  dur-~ton  of  the  load 
application  and  Intervale  between  loads  are  10  aec-  The  oil  la  tested  until 
galling  appears  on  the  friction  surfaces. 

The  seising  load  la  determined  at  different  disk  rotation  speeds  and 
then  curves  ere  plotted  showing  the  stalling  load  as  a  function  of  sliding 
rate  or  temperature. 
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The  main  shortcoming  of  all  laboratory  type  friction  machines  consists 
of  the  foot  that  they  do  not  reproduce  the  actual  operating  conditions  of 
lubricating  oils  in  mechanisms.  Therefore,  the  comparative  indicators  of 
anti-wear  properties  of  oils  obtained  on  these  machines  are  preliminary 
evaluations  and  do  not  solve  the  problem  of  the  possibility  of  employing  the 
oils  In  engines. 

For  a  conclusive  selection,  the  oils  are  tested  on  highly  stressed 
special  installations  or  in  the  engines  themselves. 

Closed  Circuit  Gear  Devices 

Domestic  installations  of  this  type  (Sh-3,  Sh-15,  etc.)  consist  of  a 
gear  stand,  two  isolated  oil  systems  and  a  control  panel.  The  stand  operates 
on  the  closed  circuit  system,  and  includes  a  front  housing  with  a  pair  of 
test  gears  and  a  separate  oil  system,  and  a  rear  housing  (closing  gears)  with 
its  oil  system. 

The  oil  system  of  the  stand  includes  oil  pumps,  coarse-  and  fine- 
cleaning  filters,  flowmeters,  thermocouples,  manometers  and  other  equipment. 
The  gears  are  manufactured  in  accordance  with  the  sirth  precision  class¬ 
ification. 

The  gears  are  loaded  by  rotating  the  shafts  with  the  loading  coupling  by 
means  of  levers  and  weights.  The  gears  in  which  the  oil  is  tested 
(11,600  rpm)  have  diamtera  of  55  and  110  ran;  the  peripheral  velocity  of  the 
small  gear  with  respect  to  the  Initial  circumference  is  33.4  m/seC.  Ten 
liters  of  oil  are  used  fur  the  test;  the  pumping  radius  2-2.5  1/min;  the  oil 
temperature  at  the  input  of  the  gear  assembly  is  75  t  5“C. 

The  testing  begins  after  washing  of  the  stand,  rolling  of  the  gears  and 
preparatory  work.  The  oil  is  tested  for  50  hr  with  a  load  on  the  gears 
(t<  rque)  of  8.8  kg/m  and  a  contact  stress  on  the  face  of  the  gear  engagement 
tooth  of  16,700  kg/cm  .  Depending  cn  the  purpose  of  the  test  oil.  its 
temperature  and  the  gear  load  may  be  changed. 

The  test  consists  cf  five  stages  of  10  hr  each  (50  hr  in  all):  after 
each  stage  the  gear  teeth  are  examined  without  disassembly  of  tha  housing. 

The  anti-wear  properties  of  the  oil  are  evaluated  In  accordance  with  the 
external  appearance  of  the  gears  (scratches,  graduation  lines,  galling 
damage,  etc.),  end  in  some  installations  also  by  means  of  comparing 
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Table  40. 


Specimen 


A  Change  In  the  Quality  of  MK-6  Oil  During  the  Test  Process 
in  an  Sh-3  Device 


fresh  oil 

After  10  min  operation 
after  10  hr  operation 
after  20  hr  operation 
after  30  hr  operation 
after  40  hr  operation 
after  50  hr  operation 
condensate 

from  refrigerator  of 
device 

from  devic-  pipelines 


Kinematic  viscosity.  Acid  No. 

_  mg  KOH/g 


50cC 


SI 


6.01 
6.15 
6.27 
6.51 
6 . 6o 

7.08 

7.63 


4.48 

*■57 


-ai_ 


-40°C 


2108 


3593 


Quantity  of 
deposits 
insoluble  in 
lsooctane,  X 


0.01 

0.02 

0.07 

0.13 

0.26 

0.57 

1.10 


1.23 

1-77 


0.0079 

0.0086 

0.0225 

0.0693 

0.3781 


«  results  of  oil  tests  in  gear  installations  of  the  type  described 
coincide  satisfactorily  with  the  results  of  bench  tests  of  these  oils  in  a 
.  In  order  to  obtain  repeatable  results  during  parallel  oil  tests  in 
these  devices,  it  is  necessary  to  employ  gears  for  these  tests  which  are 
Identical  insofar  a,  the  quality  of  the  metal  is  concerned,  a„d  also  insofar 
«  gaps  and  tolerances  are  concerned.  Otherwise  an  incorrect  result  may  be 
obtained.  To  a  certain  extent  this  may  be  considered  as  a  shortcoming  of 
gear  installations.  v 

IhS.  Evaluation  Abroad  of  Anti-wear  Properties 
.T.ha  Rider  Machine 

In  the  USA  the  anti-wear  properties  of  AGTD  oil,  are  evaluated  on  the 
Rider  machine  of  the  Pratt  and  Whitney  «  finn  [74].  The  gear,  of  a  TRD 
(figure  32).  which  have  identical  numb.r  of  teeth  (28  each),  serve  a.  the 

operating  friction  point  of  the  machine.  Therefore,  during  operation  of  the 
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gear* ,  engagement  occurs  along  Che  surface  of  the  same  matching  teeth,  which 
may  also  be  observed  In  several  domestic  devices  of  this  type.  The  test  oil 
is  delivered  at  a  rate  of  270  ±  5  mi /min  to  the  gears  at  the  point  of  their 
disengagement.  The  gear  rate  of  rotation  is  10,000  ±  100  rpm,  but  this  may 
be  increased  to  16,000  rpm;  the  temperature  of  the  oil  tested  is  74  ±  3'C; 
the  total  quantity  la  500  mJt.  The  load  on  the  gears  is  increased  in  steps 
after  each  10  min  of  operation  of  the  stand.  The  tests  are  made  up  of 
several  10-mln  cycles;  after  each  cycle  the  number  of  scratches  or  galling 
narks  which  appear  on  each  tooth  are  counted. 


Figure  32.  The  Rider  machine  for  the  determination  of  anti-wear 
properties  of  oils:  1,  Electric  motor  shaft;  2,  Testing  gears 

Oil  quality  is  evaluated  by  critical  load  (load-carrying  capacity)  at 
which  scratches  and  galling  damage  appear  on  one-third  of  the  surface  of 
66Z  of  the  teeth.  The  critical  load  is  expressed  in  kg  perl  cm  of  tooth 
width.  The  Rider  machine  does  not  give  reproducible  results,  since  It  is 
difficult  to  select  gears  of  identical  quality.  Each  oil  is  tested  several 
times  and  then  the  results  are  compared  with  the  test  results  of 
1100  standard  oil,  type  V  (the  critical  load  value  is  480-570  kg/cm) . 
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According  to  the  HXL-L-7808D  specification,  a  critical  load  value 
comprising  68X  of  the  critical  load  of  the  standard  oil  la  authorized 
established  according  to  the  results  of  eight  tests.  Hovever,  It  Is 
considered  that  the  requirements  of  the  specification  indicated  are  not  very 
strict.  Therefore,  for  example,  in  the  M1L-L-25336  specification  (1956)  the 
oil  anti-wear  property  requirements  for  TRD  reducers  have  been  raised.  In 
agreement  with  the  MIL-L-23699  specification,  the  critical  oil  load  tested  on 
a  Rider  machine  at  74*C,  must  be  *18-581  kg/cm.  These  same  requirements  for 
oil  are  imposed  by  the  English  specification  DERD-2497. 

It  has  been  experimentally  established  that  oils  which  withstand  a  load 
on  the  Rider  machine  of  not  less  than  300  kg/em  may  be  successfully  employed 
in  a  TRD.  Oils  are  recommended  for  TVD  use  which  have  withstood  a  critical 
load  of  approximately  430  kg/cm  on  the  Rider  machine. 

The  IAE  Test  Stand 

This  test  stand  was  developed  in  England  and  is  intended  for  testing  the 
anticorrosion  properties  of  TVD  oils.  In  technical  and  dealgn  configuration, 
it  differs  from  the  Rider  machine  only  in  that  the  driving  and  driven  gears 
have  a  different  number  of  teeth  —  13  and  16,  respectively;  therefore,  the 
order  of  tooth  engagement  during  gear  operation  changes. 

Tests  are  conducted  at  a  temperature  of  110*C,  and  the  pumping  oil  rate 
is  235  ml/min,  and  the  rate  of  rotation  of  the  driven  gear  is  2000  to 
6000  rpm.  The  gears  operate  with  an  increasing  load,  five  minutes  for  each 
step,  until  the  onset  of  galling,  which  is  established  by  a  reduction  in  the 
speed  of  the  gears.  This  installation.  Just  as  the  Rider  machine,  does  not 
give  good  reproducible  results;  therefore,  the  tests  are  repeated  several 
times  and  the  results  arc  compared  with  the  data  from  a  standard  oil. 

A  Test  Stand  with  Truncated  friction  Cones 

Unsatisfactory  reproducibility  of  the  results  of  anti-wear  properties 
of  oils  determined  on  gear  friction  machines  is  explained  by  the  difference 
in  quality  of  the  groups  of  gears  employed.  The  English  firm  "Bristol 
Siddley"  employs  a  test  stand  in  which  the  friction  gears  are  replaced  by 
truncated  steal  cones  which  have  an  average  diameter  of  150  mm,  an  inclin¬ 
ation  angle  of  90*  and  a  contact  surface  18  tm  in  width.  The  friction 
surfaces  of  the  cones  are  polished  to  a  smoothness  of  1.0-1.25*10  *  mm  and 


are  case  hardened.  The  speed  of  rotation  of  the  cones  may  be  changed  from 
2400  to  9000  rpm,  and  the  sliding  rate  may  be  changed  from  4.1  to  18.4  m/sec. 
During  operation  the  cones  come  into  contact  along  the  surface  face  so  that 
the  sliding  rate  along  their  width  changes.  The  capacity  of  the  oil  system 
is  16  l,  the  oil  flow  rate  is  118  i/hr.  After  each  15-min  period,  the 
load  on  the  cones  is  increased  until  the  oil  film  is  disrupted,  which  is 
determined  by  a  temperature  increase  in  the  contact  line  zone  of  the  cones. 

According  to  the  DERD-2487  specification,  the  oil  temperature  at  the 
input  to  the  cones  is  maintained  at  110°C,  and  according  to  the  DERD-2497 
specification,  at  200SC  for  synthetic  oIIb. 

Reduction  Test  Stands 

The  anti-wear  and  anti-galling  properties  of  AGTD  oils  are  evaluated 
abroad  in  a  number  of  cases  in  special  reduction  devices.  Thus  the  "Rolls 
Royce"  company  teats  oils  on  the  Dart  reducer  with  a  power  of  2400  hp  for 
150  hr  and  with  a  reduction  gear  rotation  speed  of  1500  rpm  and  an  oil 
temperature  at  the  input  of  115*C.  Similar  teats  are  accomplished  in  the 
Tine  reducer.  Oil  test  conditions  in  reducer  installations  are  more 
stringent  than  in  the  Rider  machine  end  correspond  to  the  operating  condi¬ 
tions  of  oils  in  TRD'a.  In  addition  to  load-carrying  capacity,  the  tendency 
of  oils  toward  scale  and  precipitation  formation  is  also  determined  on  these 
devices. 

An  Invest lust ion  of  Lubricating  Properties 

Notwithstanding  the  significant  difference  in  the  viscosities  of 
oils  for  jet  engines  and  oils  for  aviation  piston  engines,  in  lubricating 
capability  MK-8  oil  is  not  far  inferior  to  rlS-20  oil,  for  which  this 
indicator  la  relatively  high.  Thus,  the  ratio  of  critical  oil  film  breakdown 
loads  (P^)  (determined  by  the  one-minute  method  on  a  four -ball  friction 
machine  with  balls  19  am  in  diameter)  for  MS-20  and  MK-8  oils  is  1.5 
(Table  41). 

The  difference  in  critical  loads  is  also  preserved  during  a  temperature 
increaee  from  20  to  100*C.  The  higher  ratio  of  critical  loads  (1.8), 
determined  on  e  friction  machine  with  balls  having  a  diameter  of  9.5  mm 
(see  Table  37),  le  explained  by  another  quality  of  the  oils  selected  for 
testing. 
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Table  41.  The  Anti-veer  Properties  of  Oils*  et  Various  Temperatures 
Determined  on  a  Four-Ball  Friction  Machine _ _ 


Indicator 


MK-8  oil 


MS-20  oil 


At  20*C 


I  critical  oil  film  breakdown 
load  Pk,  kg 

width  of  wear  of  the  balls, 
at  Pk,  a. 

P,  ratio  of  MS20  and  MK-8  oils 
k 


Hi  — i|  5 

0.66-0.67 

1.5 


62  -  68 

0.60  -0.72 
1 


At  100°C 


critical  oil  file  breakdown 
load  Pk,  kg 

width  of  wear  of  the  balls 
at  Pk,  mm 

P,  ratio  of  MS-20  and  MK-8  oils 
k 


39 

0.50 

1.5 


58 

0.98 

1 


*  The  kinematic  viscosity  of  MK-8  oil  at  50*0  was  8.4  cs,  at  100*C 
the  viscosity  was  2.97  cs,  and  for  MS-20  oil  the  values  are  157 
and  20.3  ca,  respectively. 


Investigations  of  the  anti-wear  properties  of  oils  on  a  test  stand  with 
a  free  overrunning  shaft  and  on  the  KV-1  machine  reveal  (see  Tables  38  and 
and  39)  that  MK-8  oil  and  oils  of  narrow  fractional  composition  have 
identical  anti-wear  properties;  therefore  a  certain  reduction  in  the 
viscosity  of  the  latter  oils  does  not  reflect  on  their  lubricating  cap¬ 
ability. 

Doaestic  synthetic  oils  based  on  diesters  or  on  pentaerythrltol  esters, 
in  comparison  with  petroleum  oils,  are  characterized  by  higher  anti-vear 
properties.  The  Pk  ratio  of  these  oils  and  the  MK-8  oil  fluctuates  within 
the  limits  of  1.4  to  2.0. 


Anti-wear  Addlvites 

The  lubricating  capability  of  TKD  oils  is  improved  by  the  introduction 
of  anti-wear  and  anti-galling  additives.  The  mechanism  of  the  effects  of 
additives  is  reduced  to  the  formation  of  fllma  on  the  metal  surfaces. 
Compounds  containing  sulfur,  chlorine  and  phosphorus  are  employed  as 
additives  In  TRD  oils. 
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The  active  elements  in  the  additives  indicated  are  adsorbed  on  the 


metallic  surfaces ,  and  entering  into  compounds  with  these  surfaces  at 
increased  temperatures  and  pressures  form  sulfide,  chloride  and  phosphite 
films  [75-77].  The  films  prevent  the  appearance  of  a  dry  friction  condition 
and  reduce  wear  of  rubbing  parts.  The  functions  of  such  elements  as  anti¬ 
wear  agents  have  been  widely  investigated  and  are  described  in  de-ail  in 
[78]. 

In  introducing  into  petroleum  oils  such  additives  as  tricrysyl  phos¬ 
phate,  diphenyl  pantachlorlde  (sovol)  and  those  containing  sulfur  (such  as 
the  LNMZ-25k  additive,  which  is  a  butyl  ether  of  xantkic  adds),  the  critical 
oil  film  disruptive  load  is  Increased  by  1.5-1. 7  titans. 

Phosphorus  additives  increase  the  critical  oil  film  breakdown  load,  but 
after  breakdown  the  film  la  poorly  restored,  which  may  lead  to  galling  or 
even  to  welding  of  metallic  surfaces.  This  shortcoming  Is  well  compensated 
for  by  additives  which  contain  sulfur.  Sulfide  films  are  less  durable,  but 
on  the  other  hand  are  more  elastic  and  prevent  welding  well.  Also  desirable 
is  a  combination  in  additives  of  sulfur  and  chlorine.  In  addition  to 
improving  the  anti-wear  properties  of  oila  (the  fitting  of  metallic  parts), 
sulfur  catalyzes  the  process  of  the  formation  of  a  film  by  the  additives 
which  contain  chlorine.  In  this  connection  the  coupled  employment  of  these 
additives  is  more  effective;  however,  the  beat  results  are  obtained  [79] 
with  the  utilization  of  a  complex  of  anti-wear  additives,  containing 
chlorine,  sulfur  and  phosphorus  (Table  42). 

The  introduction  into  a  petroleui  lubricant  of  a  complex  of  the  addi¬ 
tives  indicated  (3Z)  improves  its  anti-wear  properties  by  1.5-2  times. 

The  lubricating  properties  of  petroleum  oils  during  extended  operation 
in  a  IRO  are  usually  sowewhat  improved  as  a  result  of  the  accumulation  of 
resinous  oxidation  products,  and  also  as  a  result  of  a  slgnlf loams  increase 
in  viscosity  associated  with  oil  vaporisation. 

Tricrysyl  phosphate  is  widely  employed  abroad  as  an  addltlms  in  order  to 
Improve  the  lubricating  properties  of  synthetic  i.ls;  it  is  introduced  in 
quantities  of  3-5Z. 
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CHAPTER  EIGHT 


THE  CORROSION  PROPERTIES  OF  OILS  FOR  TURBOJET  ENGINES 

In  a  TRD  tha  lubricant  is  in  contact  with  metals  and  their  alloys.  The 
most  often  encountered  are  steel,  copper,  aluminum,  lead  (lead-coated 
surfaces),  lead  and  phosphor  bronze,  brass,  magnesium  and  aluminum  alloys, 
etc.  The  wide  assortment  of  metals  employed  in  jet  engines  requires  that  a 
careful  study  be  made  of  the  corrosion  properties  of  lubricants  developed  and 
employed. 

The  corrosion  properties  of  lubricants  are  important  indicators  which 
characterize  their  behavior  in  a  TRD  at  high  temperatures. 

A  lubricant  must  protect  engine  parts  and  assemblies  from  corrosion  not 
only  during  the  operating  process,  but  also  during  extended  standing  of 
aircraft  under  usual  temperature  conditions.  The  l  Jic  method  of  combating 
corrosion  (aside  from  the  application  of  protective  films  on  the  metallic 
surfaces,  obtained  by  anodizing  or  oxidation,  etc.)  is  the  use  of  lubricants 
with  high  anticorrosion  properties. 

The  corrosive  activity  of  TRD  lubricants  is  determined  by  the  chemical 
composition  of  the  oils  and  also  by  the  properties  of  the  products  formed 
during  their  oxidation. 

Various  carboxylic  acids  are  contained  in  petroleua  oils,  and  largely 
in  the  products  of  their  oxidation.  Notvlthatanding  the  fact  that  some  acids 
(naphthenic)  display  weak  acidic  propartlaa,  they  are  active  causes  of  metal 
corrosion,  especially  of  nonferroua  metals.  In  destroying  metals,  the 
naphthenic  acids  form  soap  with  them,  which  may  remain  in  solution  In  tne  oil 
or  which  may  be  precipitated.  The  naphthenic  add  content  in  oil  is  usually 
Insignificant,  and  tharafore  the  acid  number  of  fresh  petroleum  oils  falls 
within  the  range  0.03-0.04  mg  KOK/g.  At  temperatures  of  30-50*C,  oils  of 
this  acidity  do  not  corrode  metals;  however,  with  an  increase  la  op* rating 
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temperatures  and  an  Increase  In  acid  product  content,  the  corrosive  activity 
of  the  oils  Increases. 


At  high  temperatures,  metals  which  are  in  contact  with  oil  in  turn  have 
a  catalytic  effect  on  the  process  of  oil  oxidation;  the  most  active  metal  is 
copper. 

An  oil  sample  (10  g)  was  oxidized  in  a  glass  beaker  for  three  hours  with 
a  constant  quantity  of  air  (the  ratio  of  oil  and  air  voluaes  was  approx¬ 
imately  1:1.5).  The  quantity  of  deposits  was  determined  by  filtration  of  the 
oil  through  a  special  mlcrofllter.  The  results  of  the  tests  are  shown  lu 
Table  43. 

Table  43.  The  Catalytic  Influence  of  Metals  During  the  Oxidation  of 


TRD  Petroleum  Oils* 


Oil 

Oxidation 
tamper-  ' 
ture,  *C 

Catalyst 

Quantity  of 
deposits,  Z 

Add  Ho., 
mg  KOH/g 

Viscosity  at 

50*  C 

MS-6 

0.017 

0.01 

6.15 

17c 

steel 

0.033 

0.17 

6.17 

175 

coDoer 

0.0U6 

0.3? 

6.25 

200 

steel 

0.030 

0.33 

6.28 

200 

cot>per 

0.300 

0.56 

6.3? 

MK-8 

- 

- 

0.007 

7-2 

175 

steel 

0.005 

9.31 

175 

copper 

0.06 

0.b3 

9.36 

200 

steel 

o.obo 

- 

— 

1 

200 

copper 

0.10 

— 

The  tests  were  conducted  according;  to  the  method  of  Papok  and 

Zuseva. 


The  load  on  the  engine  parts  exerts  a  significant  Influence  on  corrosion 
intensity.  It  is  pointed  out  [60]  that  the  higher  the  operating  load,  the 
greater  the  bearing  corrosion.  At  high  TRD  turbine  shaft  rates  of  rotation 
(up  to  20,000  rpm) ,  even  insignificant  defects  on  the  rolling  bodies  of  the 
bearings,  which  cause  corrosion,  msy  lssd  to  thslr  breakage  [70]. 

la  cnwemrtlon  with  the  corrosive  action  of  TRD  lubricant*,  it  la 
necessary  to  emarcUe  control  during  their  production  and  employment. 
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The  corrosive  properties  of  TRD  oils  are  determined  in  a  Pinkevlch 
apparatus  (GOST  5162-49)  on  plates  of  lead  and  several  other  metals.  This 
method  consists  of  the  effect  on  metallic  plates  of  heated  oil,  a  thin  film 
of  which  is  periodically  brought  to  the  contact  with  atmospheric  oxygen.  The 
corrosive  activity  of  the  oil  is  established  by  a  change  in  the  weight  of  the 
plate  after  50  hr  of  tests  In  oil  hasted  to  140®C,  and  is  expressed  in  g/m^. 
Sometiaas  the  oil  is  tested  at  higher  temperatures. 

At  temperatures  above  150-160*C,  the  method  of  determining  the  corrosive 
activity  in  accordance  with  GOST  5162-49  is  not  suitable  for  low-vlecoalty 
petroleum  oils  due  to  significant  vaporisation  during  the  time  of  the  test 
(50-601).  Therefore  during  research  work  the  corrosion  properties  of  Jet 
engine  oils  at  temperatures  sbove  160* C  are  determined  by  means  of  the 
reaction  of  metal  plates  with  oil  in  special  hermetically  sealed  containers 
of  stainless  steel,  and  also  In  a  special  device  proposed  by  Ye.  P.  Bel'chi- 
kova  and  0.  I.  Zapol'ska.  The  latter  method  differs  fundamentally  from  the 
GOST  5162-49  method  in  that  the  metals  are  subjected  to  the  corrosive  effect 
of  oils  at  high  temperatures  with  the  return  of  condensing  oil  vapors. 
Corrosion  la  determined  by  this  method  in  a  device  which  consists  of  a  glass 
flask  having  a  volume  of  0.75-1.0  t  with  a  reflux  condenser.  The  plates  of 
the  teat  metals  ere  hung  on  glass  hooks  In  the  flask  at  various  levels  (in 
the  liquid,  in  the  vapor  phasea  or  at  the  Interface  of  theca  phasee).  The 
teat  temperature  corresponds  to  the  temperature  at  which  the  oil  Is  employed 
In  an  engine;  the  duration  of  the  teat  is  200-300  hr,  which  is  approximately 
equal  to  the  period  of  service  of  the  oil  In  a  TRD  without  a  change.  To  a 
greet  extant  this  method  reflects  oil  operating  conditions  In  a  TRD,  although 
this  method.  Just  as  the  method  according  to  GOST  5162-49,  le  cumbersome  and 
requires  an  extended  period  of  time. 

Oil  corrosion  may  be  determined  in  a  shorter  period  of  time  (approx¬ 
imately  2  hr)  on  tne  PZZ  device. 

Domestic  TRD  patroleimi  oils  at  Initial  acidity  values  of  0.02-0.04  mg 
KOH/g  ere  characterised  by  insignificant  corrosion  activity;  usually  they 
cause  no  corrosion  to  operating  engine  parts.  The  indicators  of  corrosion 

properties  of  these  oils  (GOST  5162-49),  determined  at  100* C  on  lead  plataa, 

2 

ere  shown  below  (in  g/m  )s 
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MX -8 

MC-6,  maximum 
MS-6,  maximum 


10-17* 

30 

5 


*  Practical  data. 

In  the  employment  of  MX-6  olla,  creeping  of  lead  coatings  in  th*  engines 
ie  not  obeerved.  For  comparison  it  must  be  pointed  out  that  during  more 
irtenslve  cleaning  type  MX-6  oil,  obtained  from  Anastas 'yevka  crude  (50Z 
sulfuric  add)  is  deprived  of  natural  oxidation  inhibitors  and  therefore 
causes  lead  corrosion  of  approximately  SO  g/m  .  The  least  corrosive  activity 
insofar  as  lead  la  concerned  is  possessed  by  MS-6  oil;  this  la  explained  by 
the  content  in  the  oil  of  0.2Z  lonol  and  0.7Z  sulfur,  which  la  capable  of 
forming  a  protective  film  of  lead  sulfide  on  the  lead  plates.  The  different 
corrosive  properties  of  various  batches  of  JK-8  oil  occur  as  a  result  of  the 
different  composition  of  the  Initial  crude.  For  the  same  raa.-.on  separate 
batches  of  MK-8  oil  also  differ  significantly  from  epch  other  insofar  an 
thermal  oxidation  stability  is  concerned. 

An  evaluation  of  the  corrosive  activity  of  oils  on  lead  plates  in 
accordance  with  COST  5162-49  is  not  sufficient,  since  various  metals  end 
allays,  many  of  which  are  more  sensitive  to  corrosion  than  lead  are  used  in 
TRD's.  Therefore  in  determining  the  corrosive  activity  of  oils  developed  and 
investigated,  especially  synthetic  oils,  three-five  metals  are  employed, 
depending  on  the  chemical  composition  or  the  origin  of  the  oil. 

At  ordinary  temperatures,  petroleum  oils,  even  if  in  contact  for  an 
extended  period  of  time  with  nonferroua  metals,  do  not  cause  corrosion; 
therefore  during  storage  of  the  engines  petrolaum  oils  do  not  have  to  be 
removed.  Thus,  tests  accomplished  in  accordance  * ■  :  the  condensate  return 

method  have  revealed  that  MK-8  and  MS-6  oils  at  .Jom  temperatures  cause  no 
corrosion  to  steel,  copper,  aluminum  or  their  alloys  for  a  period  of  100  hr 
to  130  days.  At  incraaeed  temperatures  corrosion  increases  to  some  extent: 
at  150*C  for  100  hr  corrosion  on  copper  end  lead  bronze  in  MS-6  oil  Mounted 
to  2  g/m  ,  and  corrosion  to  elumlmmi  D-16  and  steal  45  did  not  axcesd 
1  g/m2. 


According  Co  the.  author's  data  at  150*0  (determined  in  accordance  with 

GOST  5162-49)  MK-fi  and  ML-6  oils  cause  no  corrosion  to  copper,  aluminum, 

steel,  brass  and  lead  bronze;  with  MS-6  oil  on  copper  plates  the  increase  in 
2 

weight  was  0.2  g/u  ,  and  on  lead  bronze  plates  the  corrosion  amounted  to 
0.3  g/m2. 


The  corrosion  activity  of  oils  may  be  evaluated  on  the  P2Z  device,  where 
the  •■'sts  are  conducted  for  two  hours  at  150°C,  the  rate  of  oil  circulation 
in  the  system  is  125  £./ hr  and  the  quantity  of  air  supplied  is  50  £/hr.  In 
this  case  the  corrosion  indication  on  lead  plates  is  4-7  times  higher  than 
the  determination  in  accurdance  with  GOST  5162-49,  which  permits  a  clearer 
differentiation  of  TRP  petroleum  lubricants  insofar  as  their  corrosion 
activity  is  concerned  (Table  44) . 


Table  44.  The  Results  of  Oil  Corrosion  Activity  Tests  with  the 

PZZ  Device* 


on 

Kinematic  viscosity  j 
at  3G*C,  ca  | 

Acid  No. 

mg  KOH/g 

Beiore 

testing 

After 

testing 

Before. 

testing 

After 

testing 

MK-8 . 

8.5 

1’  .0 

0.01 

3.26 

experi¬ 

mental 

MK-8 

from 

Anastas' - 
yevka 

cr-'.de 

8.5 

16.9 

0.03 

5.98 

experi¬ 
mental 
MK-8  of 
Anastas 
yevka 
crude  + 

+  0.5X 
Ionol 

8.5 

9.3 

! 

i 

1  0.03 

0.03 

KK-6 

6,1 

9.2 

]  0.03 

6.49 

MK-6  + 

+  1.7X 
Ionol 

6.1 

6.3 

!  0.03 

0.03 

MS-6 

6.2 

6.7 

1  0.01 

1  .51 

sour  crude 
trans¬ 
former  oil 

8.6 

10.8 

■  0.02 

3.89 

Corrosion  Quantity  of 

on  lead,  {deposits,  Z 

.  2 
g/m 


136 

2.1 

224 

14.0 

| 

i 

0.3 

i  0.6 

170 

i  3-6 

i 

13 

i  0.4 

26 

6.2 

*  Data  rf  K..  K.  Fapok,  A.  P.  Zarubit:*  end  G.  V.  l.kharova. 
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The  corrosive  properties  of  petroleum  oils,  as  noted  above,  are  directly 
associated  with  their  acidity,  which  lncreasea  during  oxidation.  Therefore 
the  Introduction  into  petroleum  oils  of  antioxidant  additives  ahrply 
reduces  their  corrosive  activity  aince  it  inhibits  the  development  in  the 
oils  of  oxidation  proceaaes  (see  Table  44). 

Even  during  teats  of  MK-8  oil  on  the  PZZ  device  under  stricter  condi¬ 
tions  (  ^hr  at  175°C)»  the  introdu  ' Ion  of  Ionol  provides  sufficient  anti¬ 
corrosion  effect:  thus,  1Z  of  lonol  reduces  the  oil  add  number  after 

oxidation  from  4.86  to  0.22  mg  KOH/g  and  the  corrosive  activity  Insofar  as 

2 

lead  is  concerned  from  177  to  14  g/m  . 

Corrosion  indicators  for  TRD  petroleum  lubricants  in  the  USA  are  of  the 

same  order  as  those  for  domestic  petroleum  oils.  Thus  American  petroleum 

oils  of  the  1005  and  1010  types  (MIL-0-6081B  specification)  cause  practically 

no  corrosion  cf  copper  plates  at  ^00*C.  After  tests  for  168  hr  at  121°C,  the 

corrosion  of  copper,  steel,  aluminum  and  magnesium  alloys  and  of  cadmlum- 

2 

plated  steel  amounted  to  not  more  than  ±2  g/m  . 

The  corrosive  activity  of  synthetic  oils  employed  in  the  USA  on  the 
basts  of  various  diesters  at  170-260*0  is  higher  than  for  petroleum  oils.  It 
has  been  pointed  out  in  the  literature  [80]  that  the  formation  of  moneesters 
of  dibasic  acids  having  only  one  free  acid  group  is  the  reason  for  the 
corrosive  effect  of  dlester  oils,  as  a  result  of  hydrolysis.  Under  oil 
storage  conditions  this  reaction  occurs  slowly,  but  with  an  increase  in 
temperature  the  rate  increases  rapidly.  Thus  at  175°C  diisoctyl  azelate 
causes  rapid  corrosion  of  copper,  magnesium  and  iron  (Table  45). 

Synthetic  oils  baaed  on  pentaerythritol  esters  display  even  more  corro¬ 
sive  activity  with  respect  to  copper  anti  its  alloys. 

In  the  USA  tests  for  corrosion  are  usually  combined  with  oil  thermal 
oxidation  stability  determinations.  With  this  combined  method  the  metals 
simultaneously  serve  as  oxidation  catalysta. 

Depending  on  apeclf lcatlon  requirements  or  on  the  chemical  composition 
of  the  ell,  corrosion-oxidation  teat  conditions  may  differ.  Thus  according 
tc  the  MIL-L-7808  specification  the  oxidation-corrosion  cast  for  oils  based 
on  diisoctyl  sebacate  are  conducted  et  175*C  for  72  hr  with  an  air  delivery 


2 

of  5  i/hr.  Corrosion  on  copper  oust  not  exceed  0.6  g/m  ,  and  on  magnesium, 

2 

Iron,  aluminum  and  silver,  not  more  than  0.3  g/m  .  Viscosity  during 
oxidation  may  change  within  the  limits  from  -5  to  15Z  (viscosity  la  deter¬ 
mined  at  37.8*C).  In  agreement  with  the  requirements  of  the  MIL-L-9236B 
specification,  oxidation  corrosion  la  determined  at  260°C  for  46  hr  with  an 
air  delivery  of  5  1/ hr.  The  corrosion  on  plates  of  copper,  titanium,  iron, 
aluminum  end  silver  must  not  exceed  ±5  g/a  . 


Table  45. 


Maul 


copper 

magnesium 

iron 

aluminum 

silver 


The  Corrosion  Activity  of  Synthetic  Oil  Based  on 


Jlisoctvl  Azelate 


Corrosion,  a/m^ 

With  no  additive 

Specified  requirements  for 

oila  with  additives 

-56 

maximum  i  4 

-204 

1  ! 

-12 

V  i 

not  available 

\  maximum  +  2  | 

«t  t» 

J 

In  order  to  evaluate  the  corrosive  activity  of  oils  which  they  have 
acquired  under  storage  conditions,  the  American  research  center  "Wright 
Field"  developed  an  accelerated  method  for  testing  oils  [81].  This  method 
consists  of  storing  oil  in  three-liter  metal  cans  with  plates  of  various 
metals  at  85*C:  the  results  obtained  by  this  method  satisfactorily  coincide 
with  the  results  of  the  extended  storage  of  oils  under  field  conditions. 

This  method  of  accelerated  oil  damage  during  storage  in  accordance  with  the 
VVS  [Military  Air  Force]  requirement  is  includ’d  in  the  MIL-L-7808D  specifi¬ 
cation.  Maximum  lead  corrosion  after  oil  storage  with  lead  plates  at  85*C 

2 

for  14  and  45  days  must  not  exceed  4.0  and  230  g/m  ,  respectively. 


Special  anticorrosion  additives  are  introduced  into  several  foreign  TRD 
synthetic  oils.  These  include  benzothiaaole,  eiercaptobenzothlazole  and  and 
several  other  similar  products. 
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CHAPTER  NINE 


THE  EFFECT  OF  OILS  FOR  TURBOJET  ENGINES  ON  AVIATION  RUBBER 

The  Influence  of  lubricants  on  parts  manufactured  froa  rubber  (cuffs, 
rings,  gaskets),  oust  be  minimal,  since  these  parts  cannot  fulfill  the 
sealing  functions  assigned  to  them  if  a  change  occurs  In  rubber  quality. 

The  process  of  chemical  reaction  between  oil  and  rubber  depends  mainly 
on  their  nature;  however,  temperature  and  the  duration  of  their  contact  also 
exert  a  significant  Influence.  It  a  lubricant  la  corrosive  with  respect  to 
rubber,  then  In  addition  to  a  change  In  weight  and  volume  associated  with 
washlng-out  of  the  ingredients  of  the  rubber  or  with  rubber  swelling,  the 
following  qualitative  changes  in  t  bber  articles  also  occur: 

q  reduction  in  the  tensile  strength,  brittleness  tesiperature  range  and 
decreased  relative  expansion; 

an  increase  In  hardness  and  residual  compression  deformation; 

a  deterioration  In  resistance  to  frost. 

As  a  result  of  high  temperatures  and  the  chemical  reaction  of  oil, 
rubber  cuffs  and  gaskets  lose  elasticity,  become  hard,  brittle  and  may  crack 
and  disintegrate,  which  causes  oil  leakage  through  scaling  devices. 

Laboratory  Investigations  of  rubber  reactions  to  oil  are  rather 
prolonged  —  in  some  cases  they  require  400-500  hr.  In  foreign  practice 
similar  tests  are  also  quite  lengthy.  Thus,  according  to  the  requirements  of 
the  H1L-L-7808  specification,  rubber  swelling  tests  In  oil  are  conducted  at 
70*C  for  168  hr1.  Quiet,  methods  for  an  accelerated  determination  of  the 
Influence  of  lubricants  on  aviation  rubber  in  the  area  of  jat  oils  under 
conalderatlom  have  thus  far  not  been  widely  utilised. 

Synthetic  oils,  for  example,  those  baaed  dn  dleaters,  pentaerythrltol 
esters,  etc.  (Tables  66  and  47)  have  the  moat  Intensive  affect  on  rubber;  for 


such  oils  special  types  of  rubber  are  usually  developed  which  are  resistant 
to  these  oils.  Type  38252  (see  Table  47)  rubber  is  especially  resistant  to 
synthetic  dlester  oil.  Petroleua  oils  such  as  MK-8,  MS-6,  etc.,  show 
appreciable  effect  on  rubber  only  at  high  temperatures  and  with  an  extended 
contact  of  150-200  hr.  Of  the  rubbers  investigated,  types  4410  and  9831  are 
quite  resistant  to  petroleum  oils;  at  120-150‘C  no  washing-out  of  ingredients 
is  observed. 

Insofar  as  the  effect  on  rubber  is  concerned  MK-8  and  MS-6  petroleum 
oils  are  approximately  identical.  MS-6  oil  gives  satisfactory  results  in 
contact  with  type  3825,  3626,  4410  and  9381  types  of  rubber  at  125-150*0  for 
more  than  200  hr  (continuous  effect  under  laboratory  conditions),  and  also  up 
to  500  hr  with  rubbers  of  the  V-14,  IRP-1078,  4410,  9831  types  at  100-120*0. 
TRD  tests  have  shown  that  domestic  petroleum  oils  have  practically  no 
destructive  effect  on  articles  of  the  various  types  of  rubber  utilized  in 
these  engines. 

In  order  to  avoid  oil  vaporization  during  laboratory  investigations 
under  high-temperature  conditions,  the  oil  and  rubber  specimens  tested  are 
placed  in  hermetically  sealed  containers.  The  containers  are  maintained  in 
oil  thermostats. 


ua  and  S 
d  48  hr 


Type  3825  rubber 


Swelling,  wt  %,  during  testing  for 
eriod  of 


24  hr 

48  hr 

24  hr 

48  hr 

70°C 
-1.56 
5.51 
-3- 7* 
21.3 

[-3.71 

-2.92 

-1.68 

-3-86 

I  1.1 

-3.73 

[-4.59 

1Q0°C 

•0,71 

1.17 

■4.16 

0.10 
-1 . 29. 
-4.60 

-3*73- 

1.0 

-4.85 

r3*Q5 

-4  J4 

Table  47.  Results  of  the  Effect  of  Petroleum  and  Synthetic  Oils  on  Rubber 
for  a  Period  of  240  hr  at  200*C 


Weight  change ,  % 


rubber 


Type  3825  rubber 


MK-3 


CHAPTER  TEN 


THE  FOAMABILITY  OP  OILS  FOR  TURBOJET  ENGINES 
The  Cause*  of  Foaalng 

The  high  circulation  Multiplicity  factor  of  a  lubricant  In  a  TRD  oil 
system  lead*  to  the  lntenalve  Mixture  of  oil  with  air.  Oil  flowing  frow 
lubrication  polnta  contain*  up  to  30-402  air.  Therefore  during  the  aprnylng 
of  oil  In  gear  drive  houalnga,  foaa  la  formed:  foaalng  of  oil  occur*  alao  at 
the  oil  exit  froa  oil  knjector  Jet*.  Correapondlng  condition*  for  foaa 
formation  are  alao  formed  in  the  oil  tank,  where  the  preaaure  la  alwaya  lover 
than  In  the  antlre  engine  oil  ayatea. 

Oil  foaalng  cauaea  the  operation  of  the  engine  oil  ayatea  to  deterior¬ 
ate:  tha  heat  capacity  and  the  thermal  conductivity  of  the  oil  dacreaae; 
here  cooling  of  rubbing  engine  parta  alao  deterlorataa ;  the  quantity  of  oil 
delivered  to  lubrication  paint*  decree***  In  connection  with  the  Increase  In 
oil  voluae  due  to  foaming.  Du*  to  the  high  volume  of  fomilng  oil  at  the 
output  of  lubrication  points,  the  output  of  TRD  evacuating  pumpa  must  be 
higher  than  the  puap*  which  deliver  oil  after  the  air  separator  to  the  oil 
system  pressure  line.  Simultaneously  with  the  reduction  In  the  output  of  oil 
puaps,  oil  consumption  la  Increased  aa  a  result  of  throwing  off  r'oaa  with  air 
through  the  engine  breathing  system. 

Oil  foaalng  during  TRD  operation  la  unavoidable;  In  this  connection  the 
oil  must  be  characterised  by  a  minimal  capability  for  foaa  formation. 

The  foaalng  of  oil  depends  on  Its  chemical  nature.  Of  the  physical 
characteristic*  of  a  lubricant,  the  most  influential  on  foaa  formation  are 
density,  surface  tension  and  tha  vlscoslty-elaetic  properties  of  the  surface 
layers. 

It  Is  believed  that  with  an  lncreaae  In  temperature  the  foaalng  of  oil* 
has  a  tendency  to  fall;  but  for  several  oil*  foaalng  first  lncrsa***  with  an 
Increase  In  temperature,  and  than  falls  due  to  a  dacreaae  In  oil  viscosity 


and  foam  stability,  since  the  durability  of  the  oil  films  is  reduced.  A 
reduction  in  the  pressure  of  the  surrounding  air  leads  to  an  increase  in 
foam  formation  in  oils.  The  foaming  of  oils  is  also  influenced  by  the 
additives  introduced  into  the  oils,  which  in  a  number  of  cases  are  surface- 
active  substances  and  are  adsorbed  on  the  oil  films.  There  are  indications 
in  literature  that  in  a  number  of  cases  the  foamability  of  oils  is  caused  by 
the  addition  of  anti-wear  additives  [82],  viscosity  additives  [83],  etc. 
Traces'  of  water  usually  increase  sharply  the  tendency  of  oils  toward  foam 
formation 

The  Methods  of  Evaluating  Foamability 
The  foamability  of  oils  is  evaluated  by  a  number  of  methods.  The  nrsk 
methods  and  device  suggested  by  L.  V.  Zhirnova  are  the  most  widely  employed. 
Foam  is  formed  in  this  device  during  the  free  fall  of  a  jet  of  oil  in  a  zone 
of  reduced  pressure.  According  to  this  method  100  mi  of  test  oil  Is  placed 
in  flask  (1)  (Figure  33)  and  is  heated  to  s  specified  temperature.  The 
required  vacuum  is  created  in  calibrated  cylinder  (2)  by  means  of  a  vacuum 
pump;  the  vacuum  corresponds  to  a  height  above  sea  level  of  10,000  m  (a 
residual  pressure  of  198  mm  Hg).  Oil  from  the  atmospheric  pressure  zone 
(flask  (1))  is  delivered  through  an  open  valve  to  the  zone  of  reduced 
pressure  (cylinder  (2)J,  where  it  falls  freely  in  a  thin  Jet,  which  forms 
foam.  The  foamability  of  oils  according  to  this  method  is  characterized  by  a 
foam  coefficient  —  the  ratio  of  the  height  of  e  layer  of  foamy  oil  to  the 
height  of  a  layer  of  oil  after  the  foam  has  been  destroyed.  The  foamability 
of  the  oil  and  the  durability  of  the  foam  is  also  judged  by  the  duration  of 
foam  existence  in  cylinder  (2). 

The  foamability  of  oils  for  TRD's  may  also  be  determined  in 
Yu.  Mamedaleyev's  device,  where  the  oil  is  subject  to  foaming  in  a  measuring 
cylinder  bv  means  of  bubbling  air  through  the  oil.  The  following  design  for 
this  device  is  provided  in  accordance  with  an  improved  modification  for  this 
method.  A  glass  cylinder  with  a  volume  of  one  liter  is  placed  in  a  water 
thermostat,  in  which  a  quantity  of  teat  oil  (190  mi)  is  placed;  a  bubbler  is 
then  introduced  in  order  ic  deliver  air  to  the  oil.  The  bubbler  is  a  glass 
tube  with  filter  SP-2  sealed  at  the  end  of  th»  tube  in  order  to  disperse  the 
air.  The  quantity  of  dehumidified  air  which  passes  from  the  blower  to  the 
cylinder  Is  measured  by  a  flowmetsr.  The  foamability  cf  the  oil  is 
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determined  In  five  minutes  st  an  air  delivery  rate  of  40  t/hr  and  at  teaper- 
aturaa  of  20  and  80*C.  These  specially  selected  conditions  are  the  optimum 
ones  for  an  evaluation  of  the  foaaabllity  of  synthetic  and  petroleum  TED 
domestic  oils  and  must  be  strictly  maintained.  The  foaming  tendency  of  the 
oils  Is  evaluated  Just  as  in  the  preceding  method,  in  accordance  with  the 
height  of  the  foam  layer  formed  and  In  accordance  with  its  duration  after  air 
delivery  has  ceased. 


Figure  33.  Diagram  of  a  device  for  the  determination  of  oil 
foamablllty:  1,  Flask;  2,  Cylinder;  3,  Pipe  for  oil  delivery  to 
cylinder;  4,  Pipe  to  vacuum  pump 

Investigations  of  the  Foam-Forming  Capability  by  Laboratory  Methods 
The  baelc  external  factors  which  Influence  the  foamabtllty  of  oil  in  an 
engine  are  oil  temperature  and  pressure  on  the  surface  (the  flight  level  of 
the  aircraft).  Investigations  of  the  fosaabllity  of  MK-8  oil,  conducted  by 
L.  V.  Zhirnova  In  accordance  with  the  oil  jet  delivery  method,  revealed  that 
that  with  an  increase  In  temperature  the  tendency  of  oil  toward  the  form¬ 
ation  of  foam  la  reduced  (Figure  34);  almultsneoualy  the  period  of  exietence 
of  the  foam,  or  lte  durability.  Is  reduced. 

With  a  reduction  In  the  pressure  on  the  oil,  foaaabllity  increasea; 
nowever,  the  life  of  the  foam  Is  curtailed,  which  Is  apparent  from  the 
following  data  (in  seconds): 


Pressure  on  the  oil 


Foam  duration  at 
100* C,  aac 


TT 


r 

t: 

\ 

f 

& 

jjl' 


198 

600 

90 

90 

40 

90 

19 

60 

At  200*C  tha  duration  of  foaa  existence,  independent  of  pressure,  does 
not  exceed  several  seccnds. 


According  to  the  data  of  L.  I.  Saranchuk  and  N.  F.  Ronzhina  [4],  with 
an  increased  vacuum  over  the  oil  to  a  value  corresponding  to  an  aircraft 
altitude  of  20  km,  the  foam  coefficient  of  tha  MK-8  oil  reaches  2.2 
(Table  48). 


Figure  34.  The  foamablllty  of  MK-8  oil  at  various  temperatures 

as  a  function  of  air  pressure 

When  the  temperature  is  increased  from  100  to  200*C,  foam  life  Is 
reduced  from  20-25  to  1-5  sec  (4J. 

These  same  regularities  vers  also  confirmed  by  the  author  during  a  study 
of  oil  foaaubility  by  means  of  bubbling  air  through  the  oil  In  a  measuring 
cylinder  (Table  49) 1 . 

It  la  apparent  from  the  data  In  Table  49  that  K-8,  NX-6  and  KS-6 
petroleum  oils  are  characterised  by  relatively  low  foemabillty;  the  durabil¬ 
ity  of  the  foam  at  a  temperature  near  the  application  temperature  in  an 
engine  (80*0  is  not  significant.  With  extended  operation  of  these  oils  In  a 
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TRD.  no  disruption  in  the  operation  of  the  oil  system  due  to  oil  foaming 
occur*.  A  certain  increase  in  the  tendency  toward  foaxt  formation  of  MK-6  oil 
at  20*C  la  explained  by  the  content  in  thla  oil  of  a  significant  quantity  of 
aromatic  hydrocarbona;  however,  at  80*C  they  no  longer  have  any  Influence  on 
oil  foam  formation. 


Table  48.  The  Influence  of  Teeperature  and  Preaaure  Over  the  Surface  on 
the  Foanablllty  of  MK-8  Oil 


Residual 
pressure  In 
device  mm  hg 

Height  above 
sea  level 
correspond¬ 
ing  to  this 
pressure,  km 

Oil 

temperature 

bC 

Foam 

coefficient 

198 

10 

100 

1.5 

198 

10 

200 

1.1 

90 

15 

100 

1.8 

90 

15 

200 

1.5 

Hi 

20 

100 

2.6 

HI 

20 

200 

2.2 

y 


Synthetic  oila  baaed  on  dleatera  and  pentaerythritol  eatera  do  not 
foam  under  teat  condltlcne  at  temperature*  up  to  80*C. 

Investigations  of  the  foam-producing  tendencies  of  TRD  oils,  »ccom-iix 
pllshed  by  the.  author  at  various  temperatures  and  preaaure*  and  in  accordance 
with  the  oil  Jet  delivery  method2 ,  have  revealed  a  rather  complex  dependence 
of  oil  foaamblllty  on  temperature  (Table  50). 

Thua  for  petroleum  oils  the  foaming  capability  lncreaaea  with  an 
Increase  In  temperature,  and  reaches  a  maxlmii  at  50*C.  During  a  subsequent 
Increase  In  temperature,  the  foamablllty  of  petroleum  oils  is  reduced  and  at 
a  temperature  of  approximately  150*C  It  has  the  same  value  as  at  25*C. 

For  the  synthetic  oils  Investigated,  the  maximum  fomalng  is  observed  at 
100*C;  this  Is  reduced  with  a  subsequent  increase  In  temperature.  It  Is 


'See  p. 
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apparent  that  foaming  of  synthetic  oils  is  insignificant  and  has  practically 
no  Influence  on  the  operation  of  the  TRD  oil  system. 


Table  49.  The  Foamability  of  TRD  Oils  Determined  in  Accordance  with  the 
Method  of  Bubbling  Air  Through  the  Oil 


Oil 

Height  of  Duration 
layer  mm  existence 

of 

At 

20°C 

At 

80°C 

At 

20°C 

min 

At 

80oC 

sec 

MK-8  . . . 

50 

25 

6 

45 

MK-6  . 

118 

26 

3? 

28 

MS-6  . 

20 

10 

4 

15 

Synthetic  oil  based  on  diesters  . 

did  not 

- 

- 

Synthetic  oil  based  on  pentaerythri- 
toi  esters  . 

form 

•did  not  form 

The  tendency  toward  foaming  of  MK-6  oil  (just  as  during  investigations 
in  accordance  with  the  air  bubbling  method)  is  somewhat  greater  than  MK-8  and 
MS-6  oils. 

The  petroleum  oils  investigated  have  viscosities  which  are  quite  close 
together;  therefore  it  is  impossible  to  establish  a  relationship  between 
their  viscosity  and  foaming  capacity,  although  this  would  present  some 
interest  in  connection  with  the  tendencies  to  employ  in  the  future  higher 
viscosity  oils  at  high  temperatures.  On  this  problem  there  is  no  single 
opinion  among  researchers.  Shteynbakh  [82,  83]  believes  that  the  lower  the 
viscosity  the  higher  the  tendency  toward  foaming.  Kele  [84]  expresses  the 
opposite  point  of  view.  Klchkin  [85]  Investigated  oils3  with  vist osities 
from  17.5  to  3250  cs  at  20*C  and  came  to  the  conclusion  that  there  is  a 
complex  relationship  between  the  foam-producing  tendency  of  oil  and  its 
viscosity.  Initially  the  tendency  toward  foaming  decreases  with  an  increase 
in  viscosity,  then  it  increases  and  attains  a  maximum  at  a  viscosity  of 
300  cs,  and  with  a  subsequent  increase  in  viscosity  again  decreases.  Ulth  an 
Increase  it  viscosity  the  life  span  of  the  foam  Increases,  and  with  a  temper¬ 
ature  Increase,  it  decreases. 

During  tests  of  MS-6  and  MK-8  oils  in  accordance  with  Kichkin's  method, 
the  height  of  the  foam  layer  was  40  and  50  am,  respectively,  and  the  life  of 


3 See  p.  130 
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Che  foam  was  1  and  2.5  min.  With  an  Increase  In  temperature  to  100*C,  the 
foam  formation  of  petroleum  oils  Increased.  Thus  vlth  an  increase  In 
temperature  from  20  to  100*0,  the  foamability  of  MK-8  oil  (the  height  of  the 
foam  layer)  increas&d  from  50  to  300  mn  or  by  six  times,  which  contradicts 
the  data  cited  previously  on  this  problem. 

Table  50.  The  Foaming  Capability  of  TRD  Oils,  Determined  in  Accordance  with 

Jet  Delivery  Method 


011  pressure 

01 

I  foam 

joefflclent 

over  oil  In 
device,  mm 

Hg 

MK-8 

MK-6 

MS-6 

Based  on 

diesters 

Based  on 

pentaerythritol 

esters 

1.98 

1.05 

1.10 

At  25°< 
1.09 

|  1.00 

1.03 

90 

1.09 

1.20 

1.21 

1  1.01 

1.07 

18 

1.52 

1.46 

1.70 

1.02 

1.08 

198 

1.12 

1.32 

At  50° 
1.13 

1.02 

1.05 

90 

1.26 

1.52 

1.27 

1.03 

l.oo 

18 

1.87 

2.02 

1.7*4 

1.05 

1.11 

198 

1.14 

1.30 

At  100 

1.15 

°c 

1.05 

1.07 

90 

1.41 

1.41 

1.27 

1.07 

1.09 

18 

1.49 

1.49 

1.40 

1.09 

1.14 

198 

1.11 

1.14 

At  150 

1.10 

°C 

1.05 

1.06 

90 

- 

1.21 

1.18 

1.08 

1.08 

18 

1.37 

1.27 

1.23 

1.09 

1.10 

198 

1.07 

1.09 

At  200 

1.08 

°C 

1.05 

1.05 

90 

1.14 

1.12 

1.10 

1.06 

1.07 

18 

1.16 

1.13 

1.11 

1.08 

1.12 

In  the  USA  and  England,  the  foamability  of  TED  oils  is  determined  In 
accordance  with  the  ASTM  D-892  method  (which  corresponds  to  the  English 
IP14A/55  method) ,  which  in  technical  content  is  close  to  the  method  described 
above  of  determining  oil  foamability  In  a  cylinder  by  the  air  bubbling 
method. 

According  to  the  ASTM  D-892  method,  190  ml  of  oil  la  placed  in  a 
cylinder  having  a  volume  of  1  t,  of  strictly  determined  geometric  dimensions 
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and  a'r.  la  paaaad  through  the  oil  at  the  rate  of  94  ±  5  mt/mln  at  23.9,  then 
at  99.3  and  again  at  23.9*C;  for  each  of  these  temperatures  a  fresh  portion 
of  oil  la  taken  and  air  is  delivered  each  time  for  5  min.  after  this  the 
height  of  the  foam  layer  and  the  duration  of  1'*  disintegration  fen 
established. 

The  evaluation  of  oil  foamability  in  accordance  with  this  method  Is 
included  in  the  MIL-1-7808 (A-E) :  the  MIL-L-9236  (A  and  B) ;  the  M1L-L-27502; 
Allison-359  and  other  specifications.  Thus  in  the  MIL-L-7808E  specification 
for  Castrol-98  synthetic  oil,  the  following  oil  foamability  lndicatots  are 
shown: 

Temperature  Foam  height,  mm,  maxlmian  Duration  of  foam  existence, 

min,  maximum, 

23.9  40  0.5 

99.3  10  0.2 

23.9  50  0.6 

For  a  number  of  foreign  synthetic  oils  the  following  requirements  have 
been  Introduced:  the  height  of  the  foam  according  to  the  ASTM  D-892  method 
at  99.3°C  must  not  exceed  25  ■»,  and  at  23.9*C,  not  more  than  100  mm4  [86, 
87].  The  most  effective  method  of  combating  oil  foaming  during  enplne 
operation  is  the  introduction  into  the  oil  of  special  antifoaming  addl-ixms 
tlves  —  organoslllcon  compounds,  including  several  alkyl  slloxanes  and 
silicones.  Silicones  are  characterized  by  the  fact  that  they  possess  low 
surface  tension  and  display  Insignificant  solubility  in  oils.  It  has  been 
shown  [88]  that  with  a  low  concentration  of  substances  havingg  lower  surface 
tension  than  oil,  foam  formation  is  noticeably  reduced  in  a  case  when  the 
solution  is  in  the  form  of  two  phases  and  the  solute  is  thinly  dispersed  In 
the  oil.  The  quenching  of  foam  by  means  of  silicones  makes  use  of  this 
effect. 

Since  with  an  increas*.  of  the  solubility  of  silicones  In  oils  their 
antifoaming  effect  decreases,  silicones  are  usually  employed  as  antlfoaming 
additives  which  have  comparatively  high  viscosities  —  from  1000  to  6000  cs 
at  25*C  and  molecular  weights  from  20,000  to  50,000. 


“See  p.  130 
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Antlfoamlnc  additive*  are  Introduced  Into  oils  In  small  quantities,  not 
more  than  0. 001-0. 0001Z,  which  alao  depends  on  their  poor  solubility  In 
petroleum  oils.  The  silicone  liquid  PMS-200-A  Is  most  .’f ten  employed  as  a 
defoaaer  for  petroleum  oils. 

With  the  introduction  of  C.001Z  of  the  antifoaming  silicon  additive  S  to 
MK-8  oil  (according  to  data  furnished  by  G.  I.  Xichkln),  the  height  of  the 
foam  layer  at  20*C  is  reduced  from  50  to  20  mm,  which  Indicates  the  high 
effectiveness  of  additives  of  this  type. 
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Footnotes 


To  p.124.  ®he  work  was  accomplished  Jointly  with  I.  v.  Golovistikov  and 
V.  A.  Nlkolayeva. 

To  p.125.  The  work  was  accomplished  Jointly  with  G.  I.  Krylova. 

To  p.126.  Oil  foamability  is  determined  in  a  glass  cylinder  with  the 
delivery  of  nitrogen  at  the  rate  of  4  i/min  through  100  ml  of  oil. 

To  P-128.  Duration  of  foam  existence  must  not  exceed  5,  3  and  5  min 


CHAPTER  ELEVEN 


THE  CHEMICAL  GROUP  COMPOSITION  OF  PETROLEUM  OILS  FOR  TURBOJET  ENGINES 

Many  Important  operating  properties  of  TRD  petroleum  oils,  «uch  as 
thermal  oxidation  stability,  viscosity-temperature  characteristics,  etc., 
are  determined  by  the  chemical  group  composition  and  also  by  the  structural 
group  composition  of  the  oils.  This  la  clearly  seen  In  a  comparison,  for 
example,  of  the  physicochemical  indicators  for  MK-8  oil  fGOST  6457-66)  from 
Balakhany  crude  with  experimental  MK-8  oil  (specimen  1)  from  Troltsko- 
Anastas'yevka  crude  (Table  51). 

These  oils  which  have  similar  boiling  ranges  (300-400*C),  are  obtained 
at  the  usual  cleaning  depth  of  distillates  by  sulfuric  acid  (6-9Z)  and  have 
Identical  vlacositles  at  50*C.  Nevertheless  MK-8  oil  (specimen  1)  from 
Troitsko-Anastas'yevha  crude  in  comparison  with  MK-8  oil  in  accordance  with 
GOST  6457-56  has  a  higher  viscosity  at  -40*C,  a  poorer  viBCoslty  ratio  and 
increased  density.  Its  viscosity  at  -40°C  Increases  sharply  after  vapor¬ 
ization.  Such  a  significant  difference  in  physicochemical  properties  of 
these  oils  Is  caused  by  their  dissimilar  chemical  group  composition. 

Having  changed  the  chemical  group  composition  of  petroleum  oils  by 
means  of  an  appropriate  cleaning  of  tt.  ir  distillates,  we  may  obtain 
significant  changes  In  the  basic  physicochemical  properties  of  the  oils. 
Therefore  a  study  of  the  chemical  group  composition  of  petroleum  oils  and  Its 
relationship  to  the  physicochemical  characteristics  of  the  oils  presents 
considerable  Interest. 

The  chemical  group  composition  of  petroleum  oils  for  TRD’s  Is  determined 
by  the  use  of  separation  by  an  adsorbent.  A  single,  unified  technique  for 
this  determination  does  not  exist;  the  most  vldely  employed  methoa  is  as 
follows.  A  sample  of  test  oil  is  dissolved  In  lsooctane  (at  a  ratio  of  1:3, 
respectively) ,  and  the  solution  is  poured  into  an  adsorption  column,  filled 
with  coarse-grained,  activated  silica  gel  of  the  ASK  type.  The  quantity  of 
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allies  gel  chosen  Is  based  on  a  calculation  of  30  g  for  each  50  &  of  oil 
being  separated.  After  a  12-hr  holding  tins  In  the  coition,  the  oethane- 
naphthanlc  and  light  aromatic  hydrocarbona  ara  successively  desorbed  from  the 
allies  gel  by  the  isooctane,  and  the  reaalnlng  arooatlc  hydrocarbons  by 
ben tens,  and  the  resins,  by  an  alcohol -benzene  mixture.  The  clearness  of  the 
separation  of  »« thane- naphthenic  hydrocarbona  fron  the  arooatlc  hydrocarbons 
la  controlled  by  oeans  of  a  formalith  reaction. 

The  groups  of  hydrocarbons  desorbed  from  silica  gel  are  arbitrarily 
sorted  Into  the  following  ranges  of  refractive  Index  values: 

nathane-naphthenlc  hydrocarbona  1.46-1.49 

light  arooatlc  hydrocarbons  1.49-1.52 

oedltas  arooatlc  hydrocarbons  1.52  and  abovu 

Oils  obtained  froo  different  petrols*  bases  differ  sharply  among 
themselves  In  chemical  group  composition  (Table  52)  [89]. 

Distillates  and  oils  obtained  from  highly  aromatized  Troltsko- 
Anaat.ia’yevka  crude  (specimens  2,  5-7)  especially  are  separated  out  by 
arooatlc  hydrocarbon  concent.  Thus  in  an  MX- 8  oil  distillate  baaed  on  this 
crude  (specimen  5)  aromatic  hydrocarbons  are  twice  aa  high  as  In  the  MK-8 
oil,  baaed  on  Balakhany  crude  (specimen  1).  After  the  cleaning  of  specimen  5 
by  sulfuric  acid  (6Z)  ,  the  chemical  group  composition  of  this  specimen  shoved 
little  change  (specimen  6).  since  here  mainly  the  basic  resins  are  extracted, 
and  the  aromatic  hydrocarbon*  are  only  partially  affected.  For  this  reason 
the  oil  (specimen  6)  has  a  very  high  aromatic  hydrocarbon  content  (37. 5X)  In 
comparison  with  all  of  the  oils  obtained  from  other  crude.  Only  with  very 
deep  cleaning  of  specimen  5  with  sulfuric  add  does  the  content  of  arooatlc 
hydrocarbons  decrease  to  26Z  (specimen  7)  and  thus  become  comparable  with  the 
content  In  oila  froa  other  crudes. 

The  arooatlc  hydrocarbons  exert  a  very  significant  Influence  on  the 
flatness  of  the  viscosity-temperature  curve,  on  the  thermal  oxidation 
stability  sad  on  several  other  Important  operating  properties  of  oils.  The 
influence  of  the  ar emetic  hydrocarbon  content  on  the  properties  of  the  oils 
Indicated  Is  seen  very  clearly  In  eooparlaon  with  the  quality  of  oil 
specimens  6  and  7,  obtained  froa  Troitsko-Anastaa'yOTka  crude.  MK-8  oil 
(specimen  1)  fron  Troltako-Anastaa'yevka  crude,  which  contains  the  largest 
quantity  of  arosutlc  hydrocarbons,  has  the  worst  viscosity-temperature 
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indicators  (the  viscosity  at  -40*C,  viscosity  ratio)  and  the  highest 
refractive  index  (see  Tables  51  and  53).  These  indicators  improve  and 
attain  levels  established  for  MK-8  oil  from  Balakhany  crude  (GOST  6457-66) 
in  proportion  to  the  sulfuric-acid  cleaning  of  the  MK-8  distillate  from 
Troitsko-Anastss* yevka  crude. 


Table  52.  The  Chemical  Group  Com-. oaition  (in  t)  of  Type  MK-B  Oils 
Obtained  frw  Various  Crudes 


Spec¬ 

imen 

num¬ 

bers 

Methane 
naphthe¬ 
nic  hy¬ 
drocarb¬ 
ons 

mm 

Hi 

Oil 

■ 

■ 

Losses 

1 

MK-8  from  Balak¬ 
hany  crude  . 

75.3 

8.1 

8,1 

7.0 

23.2 

0.9 

0.6 

2 

MK-6  from  Troit- 
sko-anastas 'yevka 
crude  . 

62.5 

8.8 

17.2 

9.8 

35.8 

0.9 

0.8 

3 

MS -6  from 

Tuymazy  crude 

81. 4 

12.1 

2.3 

3.6 

18.0 

0.4 

0.2 

4 

Transformer  oil 
from  Tuymazy 
crude  . 

76.0 

13s7 

3.6 

3-9 

21.2 

0.6 

2.2 

5 

MK-8  distillate 
from  Troitsko- 
Anastas 'yevka 
crude  . 

51.6 

Sxper; 

12.6 

mental 

25.2 

oils 

6.4 

!>4.2 

3-5 

0.7 

6 

MK-8  from  a  dis¬ 
tillate  cleaned 
with  6J  sulfuric 
acid  . 

59.5 

12.6 

18.7 

6.2 

17.5 

2.4 

0.6 

7 

MK-8  from  a  dis¬ 
tillate  cleaned 
with  50 t  sulfur¬ 
ic  acid  . 

72.6 

10.2 

11.3 

4.6 

>6.1 

0.4 

0.9 

8 

MS- 8  from  Zhir¬ 
novs  k  crude  . 

84.9 

12.1 

1.7 

13.8 

0.3 

9 

MS-6  from  Zhir- 
novsk  crude  . 

88.5 

7.6 

1.5 

9.1 

0.5 

1.9 

10 

MK-6  from  Balak¬ 
hany  crude  . 

76.1 

5-4 

9.0 

9.0 

23.8 

0.4 

0.1 
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In  oils  from  Tutnazy,  Balakhany  and  Zhlrnovsk  crudes  (see  table  52)  „  the 
content  of  aromatic  hydrocarbons  la  significantly  less  (9-24Z)  than  in  oils 
from  Troltsko-Anastas’yevka  crude.  Basically  their  physicochemical 
indicators  satisfy  the  requirements  of  GOST  6457-66  for  MK-8  oil. 

For  oils  obtained  from  Tuymazy  and  Zhlrnovsk  crudes  by  means  of  solvent 
refining  (see  Table  52,  specimens  3,  4,  8  and  9),  a  high  methane-naphthenic 
hydrocarbon  content  is  ‘zharacteristlc;  therefore  these  oils  are  distinguished 
from  oils  based  on  Troitsko-Anastas'yevka  and  Balakhany  crudes  by  better 
viscosity-temperature  properties,  much  lower  refractive  indexes  and  densi¬ 
ties. 

Oils  from  various  crudes  differ  from  each  other  nor  only  by  the  total 
content  of  light,  medium  and  heavy  aromatic  hydrocarbons,  but  also  in  their 
quantitative  proportion.  The  structural  characteristics  of  aromatic  and 
methane-naphthenic  hydrocarbons  contained  in  oils  are  a  significant  factor. 
The  structure  of  hydrocarbon  molecules  determines  their  physicochemical 
properties.  The  content  of  the  individual  structural  hydrocarbon  molecular 
elements  is  determined  by  the  ring  analysis  method. 

The  Physicochemical  and  Ring  Analysis  of  Methane-Naphthenic  and 
Aromatic  Hydrocarbons 

The  extremely  widely  employed  Van  Ness  and  Van  Westen  method  [90] 

permits  us  to  characterize  the  so-called  average  molecule  of  the  hydrocarbon 

20 

under  investigation  in  accordance  with  the  refractive  index  n_  ,  the 

20  U 

molecular  weight  M  and  density  p^  .  It  is  possible  by  means  of  this  method 
to  determine  the  number  of  aromatic  and  naphthenic  rings  in  an  average  hydro¬ 
carbon  molecule,  and  also  the  carbon  content  in  the  ring  structures  and  side 
chains.  In  conjunction  v'th  the  results  of  the  determination  of  the 
chemical  group  composition,  the  data  obtained  during  investigations  using  the 
Van  Ness  and  Van  Hasten  method  make  it  possible  to  evaluate  qualitatively  the 
structure  of  average  molecules  which  make  up  the  groups  of  h/drocarbons  under 
investigation. 


Table  53.  The  Physicochemical  Properties  and  Ring  Analysis  Data  of 
Hydrocarbons  Fractions  Separated  from  Type  MK-8  Oils 


Oils  and  Fractions 


MK-8  distillate  from 
Troitsko-Anastas 'yevka 
crude 

methane-naphthenic •  •  •  • 
aromatic  lsooctane 


aromatic  benzene 

fractions  . . . . . 

MK-8  fromTroitsko- 
Anastas'yevka  crude, 
cleaned  by  501 

methane-naphthenic 
aromatic  lsooctane 
fractions  . . 

W 


iMK-6  from  Troltsko- 
Ar.astas  'yevka  crude 
methane-naphthenic 
arcmatlc  lsooctane 
fractions  . 


Table  53-  Continued 


•frw,  V5*, 


Table  53.  continued 


Oil  and  Fractions 

Refract¬ 
ive  Index 
20 
nD 

Density 

„20 

p4 

Molecular 

weight 

Specific 

dispersions 

-n3  .V 
p 

Sul¬ 

fur 

con¬ 

tent 

* 

aromatic  isooctane 
fractions 
aromatic  benzene 

1.5398 

1.0164 

213 

219 

fractions 

^K-8  from  Balakhany 
:rude 

1.5993 

1.0268 

207 

245 

- 

nethane-naphthenlc 
aromatic  lsocctane 

1.4696 

. 

0.8586 

288 

100 

- 

fractions  . 

1.5013 

0.9031 

278 

130 

_ 

1.5150 

0.9271 

277 

139 

1.5277 

0.9484 

257 

149 

«r» 

1.5399 

0.9655 

247 

159 

1.5451 

0.9713 

247 

168 

aromatic  benzene 

1.5600 

0.9823 

239 

195 

- 

fractions . 

IS- 6  from  Tuymazy 
:rude 

1.6051 

1.0299 

236 

257 

- 

nethane-naphthenlc 

1.4626 

0.8384 

286 

98 

aromatic  lsooctane 
fractions 

1.4951 

0.8872 

269 

127 

0.5 

" 

1-5055 

0.9032 

266 

139 

0.7 

1.5161 

0.9217 

2  57 

l4g 

1.4 

aromatic  benzene 

1.5371 

0.9519 

241 

173 

3.1 

fractions 

;ransformer  oil  from 
fuy.nazy  crude 

1 . 5522 

0.9872 

230 

185 

6.0 

methane-naphthenic 

1.4650 

1.4867 

0.8435 

322 

98 

aromatic  isooctane 
fractions 

0.8306 

321 

122 

0.4 

1.4968 

0.8906 

316 

128 

0.5 

1.5039 

0.9007 

308 

135 

0.78 

1.5161 

0.9232 

28Q 

142 

1.55 

1.521C 

0.9374 

285 

lf.O 

2-33 

aromatic  benzene 

1-5135 

0.9628 

267 

177 

3.1 

fractions 

a..-  -St-.  ■■  ■  “  * 

1.5425 

0.9711 

137 

284 

167 

6.0 

\ 


ccording  to  Van  Ness  &  Van  Westen  j  According  to  Hazelwood 


Carbon  content 
n  structures  % 


19.1 
23-7 
1.8  129-2 


19.8 
24. 2 
28.1 
0.8  138.7 


1.®  0.7 

2.0  C.8 


2.0  1.2  0.8 


1.5  0 

1.4  13-5 

1.2  18.1 


1.2  29-5 

0.8  39.5 


Notwithstanding  a  certain  arbitrariness  in  this  nmthod,  developed  in 
conformity  with  oil  concentrates,  it  does  permit  ua  to  obtain  fully  compar¬ 
able  results.  However,  in  an  alaysis  of  aromatic  fractions  it  is  less 
accurate,  and  ~n  this  case  the  Hazelwood  [91]  method  is  additionally 
employed,  by  means  of  which  we  may  obtain  good  results  for  aromatic  hydro¬ 
carbons. 

Naturally,  the  better  the  adsorption  separation  of  hydrocarbon  fractions 
by  silica  gel,  the  more  accurate  the  results  of  their  ring  analysis. 

Therefore  the  aromatic  hydrocarbons,  having  undergone  adsorption  separation, 
were  again  subjected  to  chromatographic  separation  by  silica  gel  in  small 
columns.  The  aromatic  fractions  were  desorbed  from  silica  gel  in  such  a 
manner  that  the  refractive  index  of  each  successive  fraction  differed  from 
the  preceding  fraction  by  not  more  than  0.01. 

On  the  basis  of  the  results  of  physicochemical  and  ring  analyses  of 
groups  of  hydrocarbons  (Table  53)  released  from  petroleum  oils  by  the 
adsorption  separation  method ,  it  is  possible  to  make  the  following  conclu¬ 
sions,  which  are  of  particular  interest. 

All  of  the  methane-naphthenic  hydrocarbons ,  released  from  oils  of 
different  origins,  have  similar  physicochemical  properties:  density, 
tractive  index,  molecular  weight  and  specific  dispersion.  They  are  also 
similar  in  ring  composition:  their  average  molecule  contains  from  1.7  to 
2.0  naphthenic  rings.  Methane-naphthenic  hydrocarbons  from  sour  crude  are  an 
exception;  here  lower  refractive- indexes  and  densities  are  characteristic. 
Their  average  molecule  contains  only  1.4  naphthene  rings  and  has  long 
paraffin  aide  chains,  which  contains  up  to  65X  of  the  hydrocarbon  of  the 
entire  molecule  (and  54X  for  methane-naphthenes  from  other  raw  materiel) . 

The  structural  characteristics  indicated  for  methane-naphthenic  hydrocarbons 
contained  in  oils  from  sour  crude  exert  a  positive  influence  on  the  flatness 
of  the  viscosity-temperature  curve  of  these  oils. 

The  first  aromatic  fractions  of  all  oils  desorbed  by  lsooctane  are 
characterized  by  low  density,  high  molecular  weight  aud  low  specific  disper¬ 
sion.  4n  average  molecule  of  these  aromatic  hydrocarbons  contains  the  least 
number  of  rings,  in  comparison  with  all  other  aromatic  hydrocarbons;  here 
naphthenic  rings  and  long  paraffin  side  chains  predominate.  On  the  basis  of 
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these  date  It  Is  possible  to  conclude  that  structurally  the  first  aromatic 
fractions  are  transient  ones  from  the  methane-naphthenic  to  the  aromatic 
hydrocarbons.  For  all  successive  aromatic  fractions,  an  Increase  in  the 
refractive  Index  Is  accompanied  by  an  Increase  in  density  and  specific 
dispersion,  but  the  molecular  weight  decreases.  The  value  of  these  Indica¬ 
tors  for  the  sms  fractions,  separated  from  different  crudes.  In  practically 
the  same. 

Iti  proportion  to  the  selection  of  fractions,  the  ntnber  of  rlnge  which 
characterize  the  average  molecule  increases  and  the  length  of  the  paraffin 
chains  decreases.  The  ratio  between  the  aromatic  and  naphthenic  rings 
changes  toward  the  aromatic,  and  their  nuuber  Increases.  In  the  aromatic 
fractions  having  a  refractive  Index  greater  than  1.54,  the  aromatic  rings 
already  predominate  In  the  average  molecule.  It  follows  from  this  Chat  as 
the  density,  specific  dispersion  and  refractive  Index  of  desorbed  eromatlc 
fractions  Increase,  the  degree  of  their  aronatlsatlon  la  also  increased. 

According  to  the  refractive  Index  (more  than  1.54)  and  the  specific 
dispersion  (more  than  160)  It  is  possible  to  conclude  that  mono-  and 
blcycllc  aromatic  hydrocarbons  are  contained  in  the  oils  under  investigation. 
The  content  of  these  hydrocarbons  In  oils  la  not  identical.  Dlcycllc 
hydrocarbons  are  contained  most  of  all  In  oil  from  Troltsko-Anastas'yevka 
crude  and  least  of  all  In  oil  from  sour  crudes.  Tricyclic  aromatic  hydro¬ 
carbons  (having  a  specific  dispersion  above  250  and  a  refractive  Index  above 
1.59)  are  contained  only  In  a  distillate  of  Troltsko-Anastas’yevka  crude.  It 
is  the  high  content  of  dlcycllc  aromatic  hydrocarbons  and  the  presence  of 
tricyclic  eromatlc  hydrocarbons  In  the  oil  from  Troltsko-Anastas'yevka  crude 
which  Is  responsible  for  Its  poor  low-temperature  properties. 

The  aromatic  fractlo-  •*  .sorbed  by  benzene  for  all  crudes  except  sour  mnni 
ones  Is  characterised  In  comparison  with  other  aromatic  fractions  by  the 
highest  refractive  Index  (1.59-1.61)  and  specific  dispersion  (to  258),  by  a 
density  above  unity  and  by  the  lowest  molecular  weight.  The  average  molecule 
of  theae  aromatic  hydrocarbons  has  the  largest  number  of  rings,  mainly 
aroMtlc,  and  short  side  chains. 

The  aromatic  hydrocarbons  contained  In  oils  from  sour  crude.  In 
comparison  with  the  aromatic  hydrocarbons  from  other  raw  material,  have  an 


improved  nature,  i.e.  a  relatively  low  refractive  index,  low  density  (not 
more  than  0.9872)  and  a  specific  dispersion  of  167-185.  In  the  average 
aromatic  hydrocarb  on  molecule  of  sour  crude,  naphthenic  rings  with  long  side 
chains  predominate. 

In  agreement  with  the  concepts  concerning  the  structure  of  hydrocarbons 
with  a  high  viscosity  index,  it  is  the  properties  indicated  of  the  aromatic 
hydrocarbons,  separated  from  sour  crude,  which  provide  the  advantages  of 
these  oils  in  comparison  with  oils  obtained  from  another  row  material. 

The  Influence  of  the  Group-Structural  and  Chemical  Composition  of 
Petroleum  Oils  on  Their  Operating  Properties 

There  is  a  specific  relationship  between  the  group-structural  and 
chemical  composition  of  TRD  petroleum  oils,  on  the  one  hand,  and  their 
operating  properties,  on  the  other.  First  of  all  this  pertains  to  the 
viscosity-temperature  properties,  the  thermal  oxidation  stability  and  the 
corrosive  activity  of  the  oils. 

The  content  of  significant  quantities  of  aromatic  hydrocarbons  in  oil 
from  Troitsko-Anas t«s ' yevka  crude,  mainly  dicyclic  with  short  side  chains, 
causea  a  steep  viscosity-temperature  curve  and  poor  low-temperature  oil 
properties;  according  to  these  indicators  this  oil  is  inferior  tc.  oils  from 
other  crudes.  During  the  removal  of  part  of  the  aromatic  hydrocarbons  by 
means  of  deep  cleaning  with  sulfuric  acid,  the  low-temperature  and  viscosity 
characteristics  of  oils  are  noticeably  improved,  but  their  thermal  oxidation 
stability  simultaneously  deteriorates  (see  Table  51,  specimens  1  and  2  of 
MK-8  oil). 

Oils  from  sour  crudes  such  as  MS-6  and  transformer  oils  contain  rela¬ 
tively  few  aromatic  hydrocarbo  t  (18-212) ,  while  aromatic  hydrocarbons 
deaorbed  by  laocctane  contain  few  rings;  naphthenic  rings  with  long  paraffin 
chains  predominate  In  the  aromatic  hydrocarbons  deaorbed  by  benzene. 

Aromatic  hydrocarbons  of  this  type  have  a  high  viscosity  index,  in  connection 
with  which  olio  from  sour  Tuymazy  crude  are  distinguished  by  good  viscosity- 
temperature  propertlea.  This  must  ba  taken  It  to  consideration  during  the 
choice  of  e  raw  material  for  the  manufacture  t  oils,  if  their  low- 
temperature  characteristics  ere  of  decisive  Import. 
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011a  of  dlvarae  origin  and  depth  of  cleaning  possess  different  thermal 
oxidation  stabilities  (see  Tables  29  and  51) t  which  factor  is  also  influenced 
by  their  group-structural  and  chenlcal  composition.  Oils  prepared  from 
Tuytrazy  and  Zhirnovsk  crudes  by  means  of  solvent  refining  are  inferior 
Insofar  as  thermal  oxidation  stability  la  concerned  to  oils  prepared  from 
Troltsko-Anastas'yevka  and  Balakhany  crudes  by  Bulfurlc  add  cleaning.  0il9 
from  Tuynazy  and  Zhirnovsk  cruder,  are  more  easily  oxidized,  which  la 
explained  by  the  Insufficient  content  in  these  oils  of  natural  oxidation 
inhibitors.  The  hydrocarbons  contained  In  these  oils  of  naphthene-aromatic 
structure  (not  more  than  21Z)  have  weak  antioxldation  properties  and  during 
oxidation  are  themselves  capable  of  producing  acid  products.  Oils  prepared 
from  Troltsko-Anastas'yevka  and  Balakhany  crudes  ure  more  oxidation- 
resistant,  since  they  contain  a  sufficient  quantity  of  natural  oxidation 
inhibitors,  mainly  consisting  of  heavy  condensed  aromatic  hydrocarbons  with 
short  side  chains.  A  study  of  the  Influence  of  adding  to  MK-8  oil,  prepared 
from  Balakhany  crude  (GOST  6957-66),  various  aromatic  hydrocarbons  separated 
from  the  same  oil  revealed  that  the  best  antioxidation  properties  are 
possessed  by  heavy  aromatic  hydrocarbons  with  a  refractive  index  of  1.6051 
and  a  specific  dispersion  of  257.  These  hydrocarbons  were  obtained  by  their 
desorption  from  silica  gel  with  benzene.  The  foregoing  confirms  that  the 
specified  aromatic  hydrocarbons  are  sufficiently  active  oxidation  Inhib¬ 
itors. 

It  is  characteristic  that  if  type  MK-8  oil  is  obtained  from  Troltsko- 
Anastas'yevka  crude  by  means  of  distillate  cleaning,  during  which  the 
aromatic  hydrocarbons  of  the  oil  are  not  touched  at  all  (see  Chapter  Three), 
then  such  oils  hrve  Improved  oxidation  stability.  And,  on  the  other  hand.  In 
all  cases  when  the  content  of  heavy  aromatic  hydrocarbons  Is  reduced,  the 
thermal  oxidation  stability  of  petroleum  oils  falls.  Thus  the  thermal 
oxidation  stability  of  KK-6  oil  of  narrow  fractional  composition  prepared 
from  Troltsko-Anastas'yevka  crude  is.  In  practice,  on  the  borderline  of 
GOST  requirements  (residue  0.1Z  and  acidity  0.35  mg  KOH/g)  „  since  a  part  of 
the  heavy  aromatic  hydrocarbons  remains  In  the  tall  fractions  of  the 
distillate,  which  does  not  enter  into  the  composition  of  MK-6  oil.  The 
stability  of  MK-8  experimental  oil,  prepared  from  Troltsko-Anastas'yevka 
crude,  after  deep  cleaning  by  sulfuric  add  also  falls  (see  Table  51), 


although  tha  content  In  the  oil  of  aromatic  hydrocarbon*  renalns  relatively 
high  (26.12) .  This  la  caused  firat  of  all  by  the  removal  from  the  oil  during 
sulfuric  acid  cleaning  of  condensed  aromatic  hydrocaibona,  which  are  weakly 
shielded  by  paraffin  chains  or  naphthenic  rings.  Thus  the  acid  number  of 
MC-8  oil  (specimen  2) ,  obtained  by  means  of  distillate  cleaning  by  502 
sulfuric  acid,  amounts  to  1.2  mg/g,  while  the  acid  number  for  MK-8  oil 
(specimen  1),  obtained  by  cleaning  with  the  usual  62  sulfuric  acid,  does  not 
exceed  0.2  mg/g.  The  introduction  of  quite  insignificant  quantltia  of 
Ionol  into  deeply  cleaned  oils  causes  their  oxidation  stability  to  Increase 
sharply.  Thus  in  adding  0.52  Ionol  to  MK-8  oil  (specimen  2),  prepared  from 
Troltsko-Anas tas ’ yevlta  crude,  the  add  number  after  oxidation  is  reduced  from 
1.2  to  0.02  mg  KOH/g.  Simultaneously  lead  plate  corrosion  (determined  in 
2  hr  on  the  PZZ  device)  is  reduced  from  224  to  3  g/m2,  which  enphasixes  the 
dose  relationship  between  the  corrosive  properties  of  petroleum  oils  and 
their  thermal  oxidation  stability. 

Dus  to  the  insufficient  content  of  natural  oxidation  inhibitors  in  the 
MS-6  oil,  prepared  from  Tuymary  sour  crude,  0.22  Ionol  was  Introduced  into 
the  oil  during  preparation.  This  increased  the  thermal  oxidation  stability 
to  the  required  standards,  since  MS-6  has  a  high  Ionol  susceptibility.  MK-6 
ou>^prepared  from  Troltsko-Anastas'yevka  crude,  and  containing  up  to  362  of 
aromat 1c 'hydrocarbons  displays  the  lowest  Ionol  susceptibility. 

The  thermal  oxidation  stabilities  of  various  bstches  of  MK-8  oil 
prepared  from  Balakhany  crude  and  from  a  mixture  of  Baku  crudes  are  not 
identical.  They  differ  among  themselves  and  in  their  Ionol  susceptibility 
(see  Chapter  Three).  This  is  caused  by  variations  in  the  composition  of  the 
initial  crudes. 

A  Change  In  the  Chemical  Group  Composition  thirlrm  Extended  TRD  Operation 

The  chemical  group  composition  of  petroleum  oils,  as  a  rule,  doer  not 
undergo  intensive  changes  du-lng  extended  operation  in  TRO’s.  Thus  the 
chemical  group  composition  of  MK-8  and  MS-6  oils  after  100  and  300  hr  of 
engine  operation  shews  insignificant  changer  (Table  54).  The  campoeltlon  of 
MK-6  oil  ehaws  a  more  noticeabla  change,  consisting  mainly  o*.  an  increase  in 
resin  content  in  the  oil  (epperently  as  a  result  of  heavy  aromatic  hydro¬ 
carbons)  and  a  fall  In  the  methane-naphthenic  hydrocarbon  content. 


Duration 
of  oil 

Meth- 

ane- 

Aromatic  hydrocarhom 

C 

o  n 

Oil 

operation 

hr 

naph- 

then 

lc  hydro¬ 
carbons 

Light 

Medium 

Heavy 

I 

1  Resins 

Solid 

oxldati 

product 

MK-8  from 
Balakhany  crude 

75-3 

8.1 

8.1 

7.0 

0.9 

« 

10 ) 

76.5 

7-5 

7.5 

6.8 

1  e  6 

“ 

KK-6  from 
Troitsko- 
Anastas 'yevks 
crude 

62.5 

8.8 

17.2 

9.8 

0.9 

«l 

100 

62.5 

8.0 

16. e 

8.8 

3.1 

- 

•Ml 

300 

60.0 

10.9 

17.3 

8.0 

2.9 

- 

MS-6  from 
Tuymazy  crude 

. 

81.4 

12  1 

2.3 

3.6 

0.4 

_ 

M 

100 

82.0 

9-4 

2.4 

4.2 

0.9 

- 

« 

300 

81.0 

9-9 

2.5 

3.9 

1.4 

- 

MK-8  from 
Troitsko- 
Anaataa'yevka 
crude  (deep 
cleaning) 

72.6 

S.0.2 

11.3 

4.6 

0.4 

N 

100 

62.  4 

10.4 

11.0 

7.4 

7.0 

1.6 

ft 

300 

65-3 

9.9 

13-8 

6.5 

4.1 

- 

*  Cleaned  with  5C  f  sulfuric  acid 


Deeply  cleaned  MK-8  oil,  prepared  from  Troitsko-Anaataa'yevka  crude, 
above  the  moat  change  in  chemical  group  composition;  the  quantity  of  methane- 
naphthenic  hydro carbone  la  reduced  by  8-10X  with  a  certain  increase  in  the 
quantity  of  heavy  hydrocarbon  and  a  significant  increase  in  the  resin 
content.  After  100  hr  of  operation  in  an  engine  which  vaa  thermally  stressed 
to  a  greater  extent  than  the  angina  in  which  the  oil  operated  for  300  hr, 
solid  products  of  intensive  oxidation  vere  detected. 


1*.  is  apparent  that  in  oils  with  a  low  content  of  natural  antioxidants, 
the  methane-naphthenic  hydrocarbons  oxidise;  in  oils  with  good  antioxidation 
properties  it  is  basically  the  content  of  aromatic  hydrocarbons,  from  which 
resins  are  apparently  formed,  which  undergo  changes. 
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Investigations  of  MK-6  oil  prepared  from  Tioitsko-Anastes'yevka  crude, 
conducted  by  I.  G.  Shmelev,  have  revealed  that  the  group  structural  compo¬ 
sition  of  petroleum  oils  during  extended  TRD  operation  remain  practically 
constant  (Table  55). 

Table  55.  A  Change  in  the  Group-Structural  Composition  of  MK-6  Oil 
During  Extended  TRD  Operation 


Duration  of 

Group 

structural 

composition 

operation  of 
oil  in 
engine 

hr 

Hydrocarbon  content. 

* 

Average  Ho.  of  rings  in 
hydrocarbon  molecule 

Aromatic 

pings 

Naphthenic 

rings 

Paraffin 

chains 

Aromatic 

Naphthenic 

fresh  oil 

21.0 

32.7 

46.3 

0.69 

1.34 

100 

20.8 

38.0 

41.2 

0.62 

1.48 

200 

21.4 

36.4 

41.4 

0.62 

1.99 

300 

22.4 

36.2 

41.4 

0.62 

1.80 

•  The  group-structural  composition  was  calculated  by  the  n-d-K  method. 
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CHAPTER  TWELVE 

LUBRICANTS  FOR  TURBOPROP  ENGINES 

Pet role u*  and  synthetic  oils  are  employed  for  the  lubrication  of  TVD's. 

The  presence  lu  TVD'e  of  reducers  makes  it  necessary  to  employ  oils 
with  an  increased  lubricating  capacity;  therefore  in  these  engines  oils  with 
a  higher  viscosity  are  used  (4-13  cs  at  100*C  or  approximately  15-70  cs  at 
50*C)  than  in  the  THE  (2.5-3  ca  at  100*C) . 

The  designs  of  domestic  TVD'e  differ  radically,  therefore  the  operating 
conditions  for  their  lubricants  are  also  not  Identical  (Table  56) ;  there  are 
therefore  different  requirements  for  lubricants. 

In  the  more  powerful  TVD's,  the  number  of  revolutions  of  the  turbine 
shaft  is  less,  however  the  contact  stress  on  the  gear  teeth  is  higher  and 
the  oil  flow  in  the  engine  in  connection  with  Increased  oil  heat  removal  is 
greater  than  in  low-power  engines.  The  oil  temperature  at  the  input  and  at 
the  output  of  engines  of  both  types  is  approximately  identical. 

Due  to  the  high  load  on  the  reducer  gear  teeth  in  high-power  engines, 
oils  are  employee]  with  an  initial  viscosity  of  10-13  cs  at  100*C,  whereas 
oil  viscosity,  employed  in  low-viscosity  engines,  is  4-6  cs. 

The  starting  temperature  of  various  domestic  engines  without  preheating 
at  low  temperatures  is  approximately  -5  and  -25*C,  which  is  governed  by  the 
viscosity  of  the  oils  employed  in  these  engines  and  by  the  power  of  their 
starter  assemblies. 

Types  of  Oils 
Petroleum  Oils 

Low-viscosity  petroleum  oils  of  the  transformer  or  MK-8  type  have 
insufficient  lubricating  properties  and  may  not  be  employed  in  TVD's.  In 
piston  engine  aviation  for  a  number  of  years  low-viscosity  residual  oils  of 
the  HR-22  type  have  been  auccessfully  employed;  these  are  distinguished  by 
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good  lubricating  properties  but  their  low-temperature  properties  do  not 
comply  with  TVD  requirements.  Therefore  a  blend  of  low-viscosity  and  high- 
viscosity  petroleum  oils,  in  addition  to  special  synthetic  lubricants,  are 
employed  in  domestic  TVD' a. 

Table  56.  Operating  Conditions  for  Lubricants  in  Domestic  TVD*s 


Engine  and  load  operating  conditions 


velocity  of  turbocompressor  shaft  rotation 
under  all  conditions,  rpm  . 


maximum  stress  (according  to  Hertz)  ongear 
2 

reducer  teeth,  kg/ma  . . . 

oil  te.jper  scare,  *C 
at  engine  input 
recommended 
minima  permissible 
aaxlaum  permissible 

at  engine  output  (maximum  permissible) 


ell  pressure  in  engine  oil  system,  kg/is 

pumped  oil  flow  under  normal  conditions  at 
recommended  oil  temperature  at  input,  kg/min 

average  oil  consumption,  kg/hr 


heat  absorbed  by  oil  dtr'  ;r  normal  conditions 
at  recomaended  oil  temperature  at  input, 
kcal/mln 

minimum  angina  starting  temperature  without 
preheating,  *C 


Engine  power,  hp 


4,000  f  Above  7,000 


12300  +  90 


95  -  -00 


70  -  80 
40 
90 
115 

3  -  H..5 

100  -  135 

No  more  than 
1.5 


No  more  than 
850 

-25 


8300  +  50 


114  -  124 


70  -  80 
4o 
85 

Not  above  115 


170  +  15 

No  more  than 

2.8 


No  more  than 
1850 

-5 


For  the  lubrication  of  type  AI-20  englnea  a  so-called  low-viscosity  oil 
blend  conaistlng  of  251  MS-20  oil  (or  MK-22)  end  751  MK-8  oil  (or  trans¬ 
former  oil)  is  employed;  and  for  high-power  englnea,  a  high-viscosity  bland 
is  employed,  containing  751  of  the  hlgh-vlscoslty  oils  indicated  end  251  of 
lov-viacoalty  oile. 


The  difference  In  oil  coetpaaltlon  determines  their  operating  proper¬ 
ties. 

The  specifications  for  petroleum  lubricants  for  TVD’a  and  their 
fundamental  quality  Indicators  according  to  analytical  data  are  showti  In 
Table  57. 

Table  57.  Specifications  for  Blends  of  Petroleum  Lubricants  for  TVD's  and 

Average  Quality  Indicators 


Low  viscosity  mixture  High-viscosity  mixture 


Test  results 


75> 

transformer 
oil  (MK-8) 

+  25 f  MK-22 


density  oJ( 

inematlc  viscosity  c 
at  100°C 


at  20  C 
emperature 
lash  point  In  open 

essel,  maximum . 

our  point .maximum  .. 

cld  No.  mg  KOH/g  max 
sh  content ,  %  max  . . 
okablllty,  %  max.... 
ontent 


ater-soluable  acids 

nd  alkalis  . 

echanlcal  impurities 


0.88-0.89  0.8 

4.40-4.60  4.1 
6.60-16.98  15. 
636-1685  160 


.16-0.17 


0.8-0. 9 


9.5-11.0 


50000 
at-25  C) 

40-164 

-20 

-22 

.05-0.09 

0.005 

0.03 


In  connection  with  the  difference  (authorized  by  standards)  in  the 
properties  of  commercial  oils  used  for  blends,  the  quality  of  the-  b.ends 
fluctuates  considerably,  which  must  be  taken  into  consideration. 

The  use  of  oils  of  narrow  fractional  composition  such  as  MK-6  and  MS-6 
with  improved  low-temperature  characteristics  permits  the  preparation  of  oil 
blends  with  good  starting  properties,  not  inferior  to  the  ordinary  oil 
blends  with  respect  to  other  operating  properties  (Tables  58  and  59). 

Table  58.  Physicochemical  Properties  of  Low-Viscosity  Blends  Prepared  from 
Oils  of  Narrow  Fractional  Composition 


Indicators 


Density  p^° . 

Kinematic  viscosity, 

cs 


At  100°C 
At  50°C  . 


Temperature,  C 

flash  point  In  open 

vessel  . 

pour  point . 

self  ignition  . 

Acid  No.  mg  KOH/g 

Ash  content,  X 

Ookability,  X  . 

Stability  by  VTI 
method  . 

quantity  of  deposit 


1  acid  No.  mg  KOH/g  |  -  | 

•  Flash  noint  was  determined  in  a 


35*  MK-22 

65*  MK-6 

65*  MS-6 

Samp-  Samp- 

Same- 

SamD- 

le  le 

le 

le 

1  2 

1 

2 

jo. 882  0.865 

3.869 

0.866 

<4.2  4.1 

4.4 

4.6 

14.7  14.4 

15.0 

16.8 

•  171  159* 

170 

160« 

.  -37  -36 

-33 

-35 

0.03  none 

0.03 

none 

0.005  none 

none 

none 

0.18  0.16 

C  21 

0.22 

t 

- 

- 

35*  MS-20 _ 

65*  MK-6  65*  MS-6 


56=,  1  9#.. 


closed  vessel . 


The  use  In  domestic  TVD's  of  two  blende  which  -differ  In  quality  Is  not 
advantageous.  In  this  connection  storage  Is  more  complex,  the  technical 
servicing  of  aircraft  is  made  more  difficult,  and  duplicate  facilities  are 
required.  When  improperly  prepared  blends  are  made  at  the  points  of 
consumption,  their  quality  frequently  does  not  agree  with  established 
requirements.  Therefore  it  is  advantageous  to  employ  lubricants  of  the  same 
type,  prepared  at  oil  refineries,  for  the  lubrication  of  all  domestic  TVD's. 

An  Investigation  of  Oil  Quality 

In  the  specifications  for  TVD  oil  blends,  in  contrast  to  the  specifica¬ 
tions  for  TRD  oils,  the  viscosity  at  low  temperatures  and  also  the  thermal 
ox.  let  ion  stability  are  not  regulated.  Nevertheless  these  indicators  are  of 
particular  Importance  in  ol.  usage  In  TVD's. 

The  temperature  operating  conditions  of  lubricants  In  domestic  TVD's 
(85-90’C  at  the  input  and  115-120*C  at  the  engine  output)  cause  a  certain 
amount  of  oxidation  of  petroleum  oils,  but  this  circumstance  does  not  limit 
the  possibility  of  their  application.  However,  in  the  future  In  connection 
with  the  development  of  TVD  designs  and  the  development  of  improved  oils  for 
these,  serious  attention  must  be  devoted  to  the  thermal  oxidation  stability 
of  theaa  oils;  it  will  alao  be  necessary  to  consider  more  stringent  require¬ 
ments  for  their  lew-temperature  properties. 

The  quality  of  petroleum  oils  for  TVD's  is  evaluated  using  fundament¬ 
ally  the  same  laboratory  methods  that  are  used  for  TRD  oils.  However,  in 
connection  with  TVD  oil  characteristics,  several  methods  were  changed. 

Among  these  methods  are  the  determination  of  thermal  oxidation  stability  of 
oils  (determined  in  the  VTI  device  at  50*C  for  50  hr) ,  the  flash  point  (an 
open  vessel),  etc. 

Viscosity  and  Low- Taape rat urc  Properties 

One  Important  problem  la  the  Improvement  of  starting  conditions  for 
domaatlc  TVD's  at  low  tamparaturss.  While  not  considering  here  methods 
involving  design  changes,  we  shall  note  that  starting  at  low  temperatures 
may  ba  facilitated  by  dilution  of  the  lubricant  with  fuel,  by  preheating  of 
the  oil  or  the  engine  with  special  airdrome  preheating  davices,  and  also  by 
the  employment  of  oils  with  Improved  low-temperature  characteristics. 
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Th«  uje  of  lubricants  with  good  starting  properties  la  most  advantage¬ 
ous.  Such  properties  are  to  a  large  extent  possessed  by  oil  blends  obtained 
by  using  KS-20  oil;  these  blends  have  a  flatter  viseoslty-teaperature  curve 
than  blends  containing  MK-22  oil  f Table  60). 


Table  60.  The  Viscosity-Temperature  Characteristics  of  TVD  Oil  Blends 


Blend  composition 

Kinematic  viscosity,  cs 
a  toes.  *C 

at  tamper- 

100 

50 

20 

0  1-30  1-40 

|  Blgh-vltcosley  bltiidi 

t> 

75*  MS-20  ♦  252  MK-8 

11.3 

68.1 

383 

2320 

15.10J1  - 

752  MK-22  +  252  MK-8 

12.3 

75.« 

425 

3357 

18.10J  - 

752  MS-20  +  252  transformer  oil 

10.5 

6  3.0 

396 

2400 

3.105!  - 

Low-v 

scoslty  oils 

1 

752  transformer  oil  +  252  MS-20 

4.2 

ir.o 

62.0 

243 

6117 

751  transformer  oil  ♦  252  MK-22 

4.4 

16.1 

63-6 

259 

11195  ,  - 

757  MK-8  ♦  IjZ  MS-20 

4.4 

17.8 

66.1 

28l 

5923  P1500 

75»  MK-8  +  •’5?  MK-22 

4.4 

16.7  164.3 

247 

10590  p6000 

This  circumstance  must  be  considered  during  the  operation  of  aircraft 
with  TVD’s  in  regions  of  steady  low  temperatures.  With  the  same  high- 
viscosity  base,  blends  containing  MX- 8  oil  have  better  low-temperature 
properties  than  those  containing  transformer  oil  (see  Table  60).  With 
respect  to  the  remaining  phyrlcochealcal  Indicators,  such  as  viscosity  at 
positive  temperatures,  acid  number,  ash  content,  etc.,  these  blends  show  no 
essential  differences. 

The  viscosity  of  lubricants  which  provide  for  reliable  engine  starting 
with  electrical  starters,  for  the  majority  of  foreign  and  domestic  engines, 
falls  within  the  limits  of  3600-4600  ca.  Such  viscosities  for  a  low- 
viscosity  blend  la  achieved  at  a  temperature  of  approximately  -25*C,  and  for 
a  high-viscosity  blend,  at  -5*t.  These  temperatures  are  also  considered  to 
be  the  limit  of  TVD  starting  during  the  utilisation  of  oil  blends  without 
preheating,  although  sometimes  In  the  case  of  hlgh-vlscoalty  blends  the 
engine  Is  successfully  started  at  -10*0. 

At  higher  tamp? cat uras  the  engine  is  supplied  with  hot  oil  or  is  heated 
with  hot  air  (100-120*0,  which  Is  delivered  from  special  airdrome  pre¬ 
heating  devices  of  the  MP-B5  type. 
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Therefore  the  fundamental  shortcoming  of  oil  blendn  in  use  Is  reflected 
in  their  unsatisfactory  starting  characteristics.  Therefore  the  most 
promising  oil  blends,  prepared  from  low-viscosity  components  of  narrow 
fractional  composition  are  MK-6  and  MS-6  oils.  The  significant  advantages 
of  these  oil  blends  from  the  point  of  view  of  their  low- temperature  proper¬ 
ties  may  be  seen  In  Table  61  (the  other  physicochemical  characteristics  were 
shown  In  Tables  58  aw!  59). 

The  best  among  high-vlacoslty  blends  is  the  blend  consisting  of 
702  MS-20  and  302  MS-6,  having  a  viscosity  at  -20*C  of  13,000  cs,  while  \he 
viscosity  of  a  corresponding  standard  blend  consisting  of  752  MS-20  and 
252  MK-8  Is  25,000  cs.  The  viscosity  of  both  oil  blends  at  10O*C  complies 
with  specification  standards  and  the  anti-wear  properties  are  similar  in 
accordance  with  an  evaluation  made  on  a  four-ball  friction  oacnlne. 

Among  low- viscosity  oil  blends,  a  blend  conslstiug  of  352  MS-20  and 
h5T  MS-6  with  a  viscosity  at  -40*C  ~{  14,000  cs  is  of  great  Interest.  The 
viscosity  at  -40*C  of  a  corresponding  standard  blend  la  21,000  cs. 

In  employing  oil  blends  obtained  by  using  olla  of  narrow  fr.-rlonal 
composition,  the  reliable  starting  temperature  (without  preheating)  of 
domestic  TVD's  la  reduced:  for  Al-20  type  engines  the  reduction  is  to  -30*C 
(with  a  standard  blend,  from  -23  to  -25*C),  and  for  high-power  engines,  from 
-15  to  -17*C.  Viscosity-temperature  curves  which  permit  evaluating  and 
selecting  the  required  viscosity  lavel  for  TVD  oil  blends  at  specified 
temperatures  are  shown  In  Figure  35. 

VN1I  HP-7  and  VHIX  NP-4u-2  synthetic  oils,  authorized  for  use  In  TVD’s, 
have  better  low-temperature  characteristics  than  petroleum  oil  blends. 

In  addition  to  unsatisfactory  starting  properties,  a  shortcoming  of 
standard  oil  blends  Is  their  quality  deterioration  in  extended  TVD  oper¬ 
ation. 

A  typical  qualitative  change  In  an  oil  blend  within  an  operating  engine 
la  an  Increase  in  oil  vleroalty  as  a  result  of  vaporisation  of  light  frac¬ 
tions  of  distillate  coaponents.  Laboratory  Investigations  reveal  thj-  the 
vaporizebllity  of  a  blend  of  752  transformer  oil  and  252  KS-20  (after  vapor¬ 
isation  of  100  g  oil  In  5  hr  at  14S*C,  with  air  delivery  of  1.5  t/hr  and  a 
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residual  pressure  of  198  an  Hg)  is  almost  twice  as  high  as  the  vapori*- 
abillty  of  a  blend  In  which  the  component  ratio  is  reversed  (Figure  36). 


Figure  35.  The  viscosity  of  oil  blends  for  TVD’s  as  a  function 
of  temperature:  1,  MS-20  oil;  2,  757  MS-20  +  25*  transformer 
oils  3»  251  MS-20  +  751  transforms*.  oil;  4,  Transformer  oil 

IXiring  operation  in  an  AI-20  engine  under  bench-test  conditions, 
the  viscosity  of  a  low-viscosity  blend  (751  transformer  oil  and  251  MS-20 
oil)  during  100  hr  of  operatlou  increased  on  the  average  from  4.5  to 
4.9-5  ca. 
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Figure  36.  The  vaporlzabllity  of  oil  blends  under  lshorstory 
conditions'  1,  75Z  MS-20  4  252  trens former  oil;  2,  252 
H5-20  +  75.'  transformer  oil 


Figure  37.  A  change  in  the  fractional  composition  of  oil  blends 
during  operation  under  bench-test  conditions:  1,  752  MS-20  + 

+  252  transformer  oil,  fresh  blend;  2,  752  MS-20  +  252  transforme 
oil  after  operation  in  a  TVD 


Under  summer  conditions  the  viscosity  of  oil  blends  increases  more 
intensively  than  during  bench-test  conditions,  as  a  result  of  high  vapor- 
lzabillty  of  the  oil  while  the  aircraft  is  gaining  altitude.  Data  man 
concerning  the  change  in  viscosity,  pour  point  and  other  physicochemical 
indicators  for  a  low-viscosity  blend  (752  MK-8  and  252  MS-20)  during  oper¬ 
ation  in  the  AI-20  engine  during  summer  conditions  are  shown  in  Table  62. 

Table  62.  A  Change  in  the  Basic  Physicochemical  Properties  of  a  Low- 
Viscosity  Oil  Blend  (252  MS-20  +  752  MK-8)  During  Operation  in  the 
AI-20  Engine  Installed  in  the  IL-18  Aircraft 


Duration  of  oil  operation,  hr 

0 

50 

100 

200  i 

Density  p^° 

Kinematic  viscosity,  cs  . 

At  temparature°C 

0.888 

0.885 

0.887 

| 

0.887  | 

100  . 

A. 4 

5.2 

5-8 

6.1 

50  . 

16.4 

21.1 

24  .6 

26.3 

0  . 

262 

386 

520 

608 

-10  . 

619 

982 

1344 

:"4i 

-20  . 

1940 

3540 

4815 

6020 

-25  . 

3850 

7950 

10260 

13770* 

Temperature, °C 

169 

flash  point  in  open  vessel 

16c 

167 

174 

pour  point  . 

-35 

-35 

-31 

-28 

Acid  No.  mg  KOH/g  . 

0.060 

0.065 

0.046 

0.090 

Cokability,  %  . 

0.10 

0.122 

0.143 

.218 

Mechanical  impurity  content  t 

none 

o  .o3 

0.10 

0.05 

•  In  a  number  of  cases  the  viscosity  of  low-viscosity  blends  after  150h 

200  hr  of  operation  in  the  AI-20  engine  increases 
itions  at  -25  C  from  20,000  to  23,000  cs. 

under  summer  cond-  1 

The  properties  of  a  high-viscosity  blend  (752  MS-20  and  252  transformer 
oil)  show  similar  changes  during  extended  operation  in  a  TVD  (Figure  37  and 
Table  63). 


Thermal  Oxidation  Stability 

rhe  thermal  oxidation  stability  for  TVD  oils  Is  not  regulated  by 
specification  requlreawnts;  nevertheless  this  indicator  has  a  great  deal  of 
significance  for  the  evaluation  of  oil  efficiency  within  an  engine. 

Table  64  shows  data  concerning  the  thermal  oxidation  stability  of  various 
and  their  components  obtained  after  oxidation  according  to  GOST  981-56  for 
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for  50  hr  at  120*C  with  the  application  of  air  to  the  t<*at  tube  for  oxida¬ 
tion  purpoaea. 

Table  63.  Change  in  the  Physicocheai cal  Properties  of  a  High-Viscosity  Oil 
Blend  (752  KS-20  and  252  Transformer  Oil)  During  Operation  in  an  Engine 
Under  Bench-Teat  Condi t Iona 


Engine 

No. 

Duration 
of  oil 
speratlon 

hr 

Kinematic  viscosity,  cs  at 

°C 

temperature 

Acid 

No. 

mg 

KOH/g 

• 

1 

Coka- 

bil- 
ity  X 

100 

50 

-35# 

1 

Initial 

oil 

blend 

10.5 

60.4 

34.10? 

o.o<- 

0 

.19 

60 

11.8 

69.2 

37.10* 

0.08 

0 

.27 

80 

12.6 

69.3 

-  ii 

0.  Jo 

0 

.27 

15' 

12.8 

71.6 

42.10* 

0.10 

0 

.26 

2 

initial 

•a 

oil  blend 

10.1 

52.7 

115.10? 

0.05 

0 

.12 

nr 

10.8 

56-5 

15.10J 

0.06 

0 

-15 

ID  ■ 

12.5 

60.8 

18.10* 

0.07 

0 

.16 

160 

12.7 

61.6 

—  h 

C.07 

0 

.  2C 

200 

12.8 

63-0 

18.10* 

0.09 

0 

.12 

'  3 

initial 

oil  Mend 

10.6 

52.5 

-  ji 

0.04 

0 

.20 

80 

11.5 

55-7 

15.5  .10: 

0.04 

0 

.16 

120 

11.8 

63- ^ 

18.10? 

0.12 

0 

.22 

180 

12.0 

69-7 

32.10? 

0.13 

0 

.25 

200 

12.9 

68.6 

3.10' 

0.18 

0 

.22 

!•  Calculated  in 

Accordance  with  a  nomgram  (QOST  2878-48). 

After  oxidation  in  all  olla  tested,  deposlta  did  not  exceed  C.15-0.16Z, 
and  the  acid  mater  waa  0.42-0.48  ag  KOH/g.  Apparently  theae  oila. 
obtained  by  using  MK-6  and  MS-6  olla  are  comparable  insofar  aa  stability  la 
concerned  to  standard  oil  blends. 

Recently  thermal  oxidation  stability  of  petroleua  and  synthetic  oila 
for  TVD'a  have  been  detenlned  bv  a  stringent  method ,  the  conditions  of 
which  are  similar  to  oil  operational  conditions  in  engines.  According  to 
this  method,  a  quantity  of  oil  consisting  of  30  g  is  oxidized  in  a  VTI 
device  for  50  hr  at  150*C  in  the  presence  of  copper  and  iron  spherical 
catalysts  with  an  air  delivery  at  the  rate  of  3  l/hr  to  each  test  tube  for 
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oxidation.  Under  these  conditions  deposits  if  ter  oxidation  consisted  on  the 
average  of  not  store  than  0.32-0.  3bt,  and  the  acid  number  was  not  store  than 
0.12-0.15  eg  ICOH/g. 
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Table  6 A.  The  Thermal  Oxidation  Stability  of  Petroleum  Oils  and  Their 

Blends  (GOST  981-56) 


Blend  Composition 

Indicators  after  oxidation 

Quantity  of 
Deposits,* 

Acid  No. 
mg  KOH/g 

75 *  MS-20  +  25$  MK-8  . , 

0.15 

0.37 

25*  MS-20  +  75*  MK-8  . 

0.1’ 

0 . 31* 

70*  MS-20  +  30*  MS-6  . 

0.3’ 

70*  MS-20  ♦  30*  MK-6  . 

O.Jj 

'.35 

70*  MK-2?  +  30*  MS-6  . J 

0.  04 

0.2* 

35*  MS-20  +  65*  MS-6  . 

0.01 

u.l« 

35*  MS-20  ♦  65*  MK-6  . 

O.lfc 

1.48 

35*  MK-22  +  65*  MS-6  . 

0.03 

3. 2C 

30*  MK-22  ♦  70*  MS-6  . 

0  06 

0.42 

20*  MK-22  +  80*  MS-6  . 

C.07 

3.3* 

UK-8  . . 

0.10 

0.35 

«S-6  . 

0.01 

0.02 

<K-6  . 

o.b” 

0.31 

The  lubricant  in  a  TVD  is  oxidized  mainly  in  a  thin  layer  on  hot  engine 
parts;  however  in  the  Soviet  Union  thermal  oxidation  stability  of  oils  is 
evaluated  by  means  of  the  thin  layer  oxidation  method  only  during  research 
work,  nevertheless  the  method  of  determining  the  thermal  oxidation 
stability  of  TVD  oils  in  a  thin  layer  on  a  hot  panel  fsee  Chapter  Six) 
reveals  the  clear  dependence  of  the  quantity  of  deposits  on  temperature  and 
permits  comparing  the  oxidizability  of  various  TVD  ox.  blends.  For  c 11  oils 
tested  the  quantity  of  panel  deposlta  at  180*C  fell  within  thu  range  of 
0.0011-0.0046  g,  and  at  260*C  these  values  converged  and  amounted  to 
0.0839-9.102  g. 

Anti-wear  Properties 

The  anti-wear  properties  of  TVD  oils  are  determined  under  laboratory 
conditions  on  a  four-ball  friction  machlns  at  the  usual  temperatures  in 
accordance  with  the  one-adnute  technique. 
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Typical  Indicator!  for  the  anti-wear  propertiaa  of  standard  petroleus 
oil  biend*  and  Chair  components  are  shown  in  Table  65. 

Table  65.  The  Anti-wear  Propertiaa  of  Oil  Blends  and  Their  Components 


Blends 

and 

Components 


5*  MK -22  +  25*  MK-8 
* *  MS-20  +  75*  MK-° 

MK -22  . 

MS-20  . 

MS-6  . 

MK-8  . 

ynthetic  (VNII  NP 
U-  2  )  . 


Diameter  of  wear  trace,  mm  at 
loads,  kg 


25 

35 

*5 

55 

0.32 

C.33 

0.36 

0.38 

0.28 

0.33 

1.05 

- 

0.32 

0 .  j6 

- 

0.41 

0.36 

o.4o 

0.43 

1.24 

0.35 

0.56 

- 

- 

0.3* 

0.50 

0.35 

0.39 

0.37 

0.44 

In  accorde-ce  with  the  value  of  the  critical  oil  fils  breakdown  load 
(Pfc)  oil  blends  are  approximately  equal  to  or  are  aoaevhat  inferior  to  the 
residual  oila  MS-20  and  MK-22  and  aurpaaa  low-viscosity  distillate  oils 
MC-8,  transformer  oils,  etc.  In  comparing  the  Pfc  indicators  of  oil  blends 
and  their  components,  it  is  apparent  that  the  lubricating  capability  of 
patrolausi  oil  blends  la  an  additive  property. 

The  lubricating  property  of  TVD  oils  nay  ba  evaluatad  on  a  special 
hearing  stand  by  the  number  of  shaft  overrun  rpm  without  a  load  and  with 
a  load  (200  kg)  and  by  the  ratio  of  the  shaft  overrun  rpm  without  a  load  to 
the  number  of  shaft  overrun  rpm  with  a  load.  By  thla  method  tha  number  of 
shaft  overrun  rpm  during  the  utilization  of  oil  blsnda  falls  within  the 
range  29,000-36,000,  and  the  ratio  of  tha  number  of  rpm  without  a  load  and 
with  a  load  varies  from  3.3  to  3.9. 

In  lubricating  property  all  of  tha  oil  blends  tested  are  similar,  which 
correaponda  to  tha  results  of  tha  evaluation  of  tha  antl-waar  properties  of 
these  oils  on  a  four-ball  friction  machine. 
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Mich  the  elm  of  bringing  Che  conditlona  of  the  evaluation  method  for 
anti-wear  properties  of  TVD  oil  closer  to  operating  conditions  In  reducers, 
special  closed-circuit  heavily  loaded  gear  stands  were  developed  In  the  USSR 
(for  example,  the  Sh-3  stand)  in  which  the  oil  is  tested  under  high  load  and 
temperature  conditions.  The  anti-wear  properties  of  oils  are  evaluated  b\ 
the  condition  of  the  operating  surface  of  the  gear  teeth  and  by  a  change  in 
the  qualities  of  the  oil  (see  Chapter  Seven). 

The  complex  of  methods  of  investigating  oils  containing  thickeners, 
high  molecular  weight  additives  and  also  synthetic  oils  usually  includes 
evaluation  of  viscosity  change  as  a  result  of  mechanical  destruction,  an 
indicator  of  thermal  destruction,  etc. 

In  connection  with  quality  deterioration  of  oil  blends  during  their 
extended  operation  in  TVD's,  limits  are  established  for  the  cMngt-  <n 
physicochemical  indicators  of  oil  blends  (technical  standards'),  at  which  the 
further  use  of  these  oils  In  engines  is  authorized,  and  also  qualltv 
indicators  for  the  recovery  of  oil  blends  (Table  66) . 

The  materials  presented  above  releav  that  the  basic  shortiorings  or 
domestic  petroleum  oils  for  TVD’s  are  their  unaatisfactory  starting  (low- 
temperature)  properties,  and  a  tendency  toward  vaporization  and  oxidation. 

To  s  certain  extent  these  shortcomings  are  not  present  in  domestic  synthetic 
oils  for  TVD’s,  and  also  In  oils  prepared  by  the  addition  of  synthetic 
components  and  additives  to  the  basic  crude. 

Blends  of  domestic  petroleum  oils  utilized  for  TVD  lubrication  mev  be 
replaced  by  blends  corresponding  In  viscosity  to  American  or  English 
petroleum  oils.  Insofar  ss  viscosity  and  other  properties  are  concerned, 
the  following  oils  are  similar: 


Oils 

High  viscosity  i 

Low  viscosity 

domestic 

Ms-20  or  MK-22  « 

transformer  or  MK-8 

foreign  j 

DERD-2472,  type  B/C  (England) 

DERD-2490  (England)  and 

* 

and  MIL-L-6028B,  type  1100  < 

MIL-0-6081B,  type  1010  (USA) 

;  _(USA)  _ 

_  .  _  .  ,  „  - -  -T —  _  _ 

Tabl«  66.  Technical  Standards  for  Used  and  Reclaimed  Oil  Blends  for  TVD's 


Technical  Standards 

Indicators 

Used 

Blend 

Reclaimed 

Blend 

20 

tensity  0^  ^  maximum 

0.900 

0.900 

Kinematic  viscosity,  cs 

* 

at  inrrn,  max  . 

16 

16 

"  50°C  . 

52  -  80 

52  -  80 

Temperature,  °C 

fla-*  oolnt  in  nr»n  vessel,  min 

150 

150 

oour  point ,  max  . 

-2C 

~2C 

Acid  number,  mg  KOH/g  ma*  . 

0.25 

b  >  20 

Ash  content,  <  max  . 

0.015 

0.015 

Cokarility,  <  max  . 

0.55 

0.55 

Water 

none 

none 

Water  soluble  acids  and  alkalis 

none 

none 

Mechanical  impurities  . 

traces* 

none 

*  Visible  m^cha'ical  impurities  are 

assumed,  excep 

t  for  metallic 

r-avlrgc  a:.i  ?ani.  In  quantity  up  t 

o  five  pieces  c 

n.  a  watch  glass  100 

mm  n  diam-ter.  The  quantity  cf  me 

cnanlcal  impuri 

ties  determined  by 

the  weight  method  Is  authorized  to 

not  more  than  C 

.015*. 

Synthetic  Oils 

One  of  the  fundamental  requirements  In  the  development  of  domestic 
synthetic  TVD  oils  Includes  the  fact  that  insofar  as  possible  the  smae  oil 
must  be  employed  in  all  types  of  engines.  In  this  connection  synthetic  oils 
VNI I  MP-ftu-2  *  (GOST  10817-64)  and  WII  NP-7  (GOST  12246-66)  hove  been 
developed  *n  the  USSR. 

The  VSII  HP-4u-2  oil  la  prepared  on  a  crude  base,  into  which  synthetic 
components  and  a  complex  of  various  additives  have  been  introduced. 

Synthetic  lubricants  significantly  surpass  peticleua  oils  in  all  basic 
quality  Indicators,  including  lov-temperature,  anti-wear,  lubricating  and 
other  properties  (Table  67). 

'See  p.  171 
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Tabla  67.  Basic  Properties  of  Synthetic  Domestic  TVP  Oils 


VNII  NP-ltu-2  oil  IVNII  SP-7  oil 


Indicators 


lnematic  viscosity,  cs 

at  100°C  . 

at  -35°C  . 

at  -4o°C  . . 

lnematic  viscosity  at  100e 
after  stability  determln- 
n  a  orda  >e  with  GOST 

0i*oT-e3,  »<* . 

empe-ature  ,°C 

pour  point  . . 

flash  point  In  open 

vessel  . . 

cld  no.  mg  KOH/g  . . 

tability  after  air  oxlda- 
1  on  at  1*jO°C  for  50  hr 
quantity  of  deposits,  t 

acid  no  mg  KOH/g  . 

ntlwear  properties  on  four 
all  friction  machine 

critical  oil  film  break¬ 
down  load  P  ,  kg  . 

Pk  ratio  ofKoll  to  Pk> 

of  MS-20  oil 

late  corrosion  test  at  150 

.  e/» 

of  ShKh-15  steel  and  of 
AL-4  aluminum  alloy 
of  brass  . . 


iln 

9.0 

lax 

^500 

iln 

A. 6 

lax 

-56 

iln 

135 

ax  0.1 


factual 

data 


6A60-8040 

6.5-t  .  ' 

-r7;-60 

^ 35-Imu 
0.05-0.06 


8 

c . OH-O  .  1? 


min  210 

max  c  3 


factual 

data 


7. 6-7. 8 
390-705: 
12500 


'~e- 

0.1~-  :.l  -i 


.  i  'u: 

0  a  2  **  -  .  -1  f 


VNII  NP-4u-2  "11  has  th«  bast  lov-t  caper  at  ur  e  properties,  which  per  alt  3 
engine  ecariing  without  preheat .i.g  down  to  teafw  raturea  of  the  order  of 
-25  to  -40*t. 

The  high  quality  of  synthetic  oils  provides  fot  extended  operating 
capability  In  TVD's  without  changing  to  fresh  oil.  notwithstanding  the  fact 
that  synthetic  oils  are  sore  expensive  than  petroleua  oils,  the  effectiveness 
of  their  enplovnent  causes  no  doubts.  Thu-;  according  to  calculated  data  the 
use  of  synthetic  oil,  which  requires  no  engine  preheating  at  teaperacureg  down 
to  -35  —  -40*C,  permits  saving  up  to  300  rubles  per  year  for  each  IL-18 
aircraft  with  four  TVD's.  The  higher  cost  of  synthetic  oil  Is  balanced  by  so 
Increase  ir  -*ngi"e  life  during  the  eaployaent  of  this  oil  as  a  result 
reduced 

We  must  note  the  corrosiveness  of  several  synthetic  oils  (for  exaa^le, 
VNII  VP- 7 i  th  resnect  tc  rubber;  In  Mils  connection  the  employment  of 
special  oil-resistant  aviation  rubber  is  required.  These  oils  also  have  a 
specific  toxicity,  therefore  contacts  with  tne  skin  or  ingestion  Into  the  body 

mu*.’  "r  avoided. 

The  quality  of  synthetic  oils  during  TVD  operation  shows  no  significant 
change.  Some  oils  show  a  reduction  In  viscosity  as  a  result  of  the  aechanlcal 
destruction  of  viscosity  additives  contained  in  the  oils.  Thus  the 
VNII  NP-4u-2  oil  in  the  process  of  operation  in  the  AI-20  engine  for  100  hr 
ahows  a  viscosity  decrease  at  100*C  from  9  to  f  Cl,  i.e.  by  approximately  28Z. 
However,  this  reduction  la  balanced  hy  a  certain  viscosity  increase  as  a 
result  of  oil  vaporisation. 

Forelan  Lubricants 

Leading  firms  of  the  JSA  and  England  are  actively  occupied  In  the 
development  of  new  high-quality  TVD  oils,  while  paying  particular  attention  to 
their  thermal  oxidation  stability,  load-carrying  capacity  and  starting  char¬ 
acteristics.  A  lubricant  for  contemporary  TVD's  must  ptap  through  and  provide 
starting  of  engines  at  cemperatures  down  to  -60*C,  and  Insofar  as  stability  la 
concerned  It  must  be  capable  of  operation  down  to  temperatures  of  200-2 50“ C. 


Table  68.  Types  end  Basic  Properties  of  Synthetic  TVD  Lubricants  in  England  and  in  the  USA 
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Both  petroleum  end  synthetic  oils  ere  employed  for  TVD  lubrlcetlon 
sbroed;  however,  s  tendency  is  now  observed  towsrd  the  limitation  of  the  use 
of  petrolem  oils  and  their  replacement  with  synthetic  oils  which  satisfy  the 
requirements  of  contemporary  TVP's  to  i  greater  extent. 

The  types  and  basic  quality  Indicators  for  foreign  TVD  oils  are  shown  in 
Tables  68-70. 

Table  69.  The  Types  and  Basic  Properties  of  TVD  Petroleum  Oils  in  the  USA 


— 

Specification 

Ind*  caters 

MIL-L- 

6081B 

Type 

1010 

MIL- 

0-6082A 

Type 

1100 

MIL-L- 

6282D 

Type 

1100 

MIL-L- 

?53?6* 

Turboil 

2 

Aviation 
oil  1065 

Aviation 
oil  1100 

Kinematic  viscosity,  cs 

at  «f.8°r  minimum . 

10. 0 

- 

« 

11.0 

•1  ,C  " 

2.5 

20.5 

19 

3-0 

max Iraura  . . 

- 

21 

- 

at  -no°c  . 

2600 

- 

- 

1300 

"■emPt-ratur-.’ ,  '  C 

r'l  a?'  point  in  open  vessel 

132 

252 

2U3 

20A 

pour  point  . 

-57 

-18 

-12 

-60 

Acid  no., mg  KOH/g  . 

0.1 

0.1 

0.1 

* 

.Viscosity  index 

- 

100 

95 

- 

•  This  oil  has  Improved  load-carrying  capacity. 


The  majority  of  TVD  lubricants  are  manufactured  by  firms  In  the  USA  aod 
England,  they  deliver  *  icse  oils  to  countries  with  which  they  have  economic 
and  military  ties.  Synthetic  oil  produced  by  the  Shell  firm  according  to  the 
DERD-2487  apeclf icet Ion)  under  the  name  Turboll-750  le  widely  employed  In 
cl>il  end  military  turboprop  aviation;  aomatlmea  theee  oila  ore  marketed  aa 
type  J5H.  The  oil  le  Mplcved  in  civil  aviation  for  auch  TVD's  aa 
Rolls  Royce,  Avon,  Dart.  Soey  end  Tyne,  Brletol  Slddley,  etc. 
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Table  70.  Types  and  Basic  Properties  of  English  TVD  Petroleum  Oils 


Specification 

Indicators 

DERD 

2472 

Type  B 

DERD 

2479/0 

DERD 

2479/1 

DERD 

2490 

Aviation 

oil  1080 

Turboil-9 

Turboil- 

9B 

Turbo 11- 
3 

20 

Density  Pjj 

Kinematic  viscosity,  cs 

a  +  77  P0f  minimum  . 

- 

0.870 

0.870 

0.876 

13.0 

1  q ♦  Qp  Q°r  minimum  . . 

18.8 

Q  .7 

1  #  “ 

21.2 

«.3 

9.3 

- 

o*  . . . . 

Solid 

7000 

I  TW  ~ 

Temper at ure,°C 

flash  point  in  open 

vessel 

243 

-12.2 

?10 

-29 

210 

-29 

143* 

-M6 

Saponification  no.  mg 

KOH/g 

0.5 

0.1 

1.3 

2.0 

0.3 

1 . 0 

0.1 

95 

115 

115 

71 

lAsh  content,  %  . 

0.01 

0.01 

0.01 

•  The  flash  point  was  determined  in  a  clored  vessel. 


The  Esso  fire,  which  was  one  of  the  first  to  manufacture  Turboil-35 
according  to  the  DERD-2487  specification,  placed  on  the  market  a  synthetic  oil 
of  a  new  type  —  Turboll-724  Extra,  which  is  distinguished  by  high  thenaal 
oxidation  stability.  After  tests  in  three  "Vanguard"  aircraft  with  three 
Rolls  Roycc  Tyne  engines  foe  approximately  1300  hr,  friction  points  and  parts 
of  the  engines  were  in  good  condition. 

Since  the  starting  properties  of  Turboll-750  synthetic  oil  are  not  high 
enough,  Turboil-15  oil  has  enjoyed  widespread  application,  as  well  as 
petroleum  oils  Turboll-2  and  Turboil-3,  which  have  been  employed  for  a  long 
time  in  turboprop  aviation.  It  should  be  noted  that  in  the  USA  several 
aviation  petroleum  oils  Intended  for  piston-engine  aviation  (type  1100)  are 
employed  for  TVD  lubrication. 
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Anti-wear,  ancioxldatlon,  depressant  and  anticorroaion  addltivea  are 
tnt roducad  Into  foreign  TVD  oil.  U.u.lly  the.*  additives  are  *.ltlfunctional 
ones.  In  the  USA  frequently  tricreayl  phoaphat*  (up  to  5X)  la  frequently 
used  as  an  anti-ivar  additive,  and  phenyl-a-phenylasiine  and  phenthiarlne 
(up  to  0.5X)  are  used  as  antioxidation  additives.  Compounds  containing 
chlorine,  phoaphorus  and  sulfur  are  introduced  into  oils  which  operate  under 
extreawly  high-pressure  conditions. 

An  attempt  is  being  Bade  abroad  to  obtain  oils  suitable  for  the  siaul- 
taneous  lubrication  of  gear  reducer,  and  turbocompressor  esseably  bearings  by 
the  introduction  of  highly  effective  additives  into  low-viscosity  petroleua 
oils  in  order  to  lap  rove  their  lubricating  properties  and  their  load-carrying 
capacity  However,  this  is  no-  always  successful.  This  may  also  be  said 
concerning  synthetic  TVD  oils,  (•or  exaaple,  the  synthetic  oil  Turboil-J5, 
with  ell  its  positive  qualities  frequently  does  not  provide  for  the  lubrica¬ 
tion  of  highly  stressed  propeller  reducers.  Sometimes,  therefore,  different 
oils  are  eaployed,  whUh  is  accomplished  by  means  of  different  lubrication 
aystras.  In  order  to  lubricate  the  propeller  and  the  engine,  on  the  one  hand, 
and  tne  reducer  on  the  other.  Turboil-35  1.  uaed  in  the  Allison  T-56  engine 
for  reducer  lubrication,  but  the  turbocasiprecsor  end  the  propeller  ere 
lubricated  with  tha  low-viecoaity  petroleua  oil  Turboil-2,  type  1010 
(specification  MIL -0-6081  B). 

One  of  the  best  reducer  lubricants  in  the  USA  is  the  KIL-O-6082A 
type  1100  oil.  This  is  a  high-viacoaity  petroleua  oil  similar  in  viscosity 
to  our  residual  oils  MK-22  and  MS-20.  However,  due  to  hlgh-vi.co.ity ,  the 
delivery  of  oil  into  friction  points  is  already  iapeded  at  -1*C,  and  at  -15*C 
the  flow  ceases  altogether.  Therefore,  in  engines  where  this  oil  1.  employed 
for  reducers .  low-viscosity  petroleua  oil  HIL-O-6081B,  type  1010,  Is  employed 
to  lubricate  the  turbocoapressor. 

Petroleum  oils  of  several  types  ere  uaed  in  England  for  TVD  lubrication. 
Oil  prepared  in  accordance  with  specification  DEKD-2479/0  of  the  "Shell"  firm 
le  manufactured  with  no  additive  and  in  accordance  with  the  same  specification 
(2*79/1)  with  a  IX  anti-wear  additive,  which  contain,  aulfur  sod  phoaphorua. 

It  operate,  .uccea.fully  in  highly  .treated  reducers.  The  lov-viecoeity 
petroleum  oil  DUD-2490  is  also  manufactured  in  two  versions:  with  no 


additive  and  with  0.11  of  stearic  acid  In  order  to  Improve  the  lubricating 
properties. 

From  the  data  prasented  in  Tables  69-70,  it  is  apparent  that  English  TVD 
oils  are  inferior  to  American  oils  insofar  as  low-temperature  properties  are 
concerned.  This  fact  Is  associated  with  the  more  moderate  climate  ut  England. 
Oils  manufactured  in  England  according  to  the  DERD-2472  specification,  type  B, 
and  in  the  USA  in  accordance  with  specification  MIL-L-6282  B,  type  1110,  are 
identical  in  quality. 

Mainly  English  petroleum  oils  are  used  in  French  turboprop  aviation; 
however,  the  French  petroleum  oil  Air- 3512  is  used  in  many  TVD' a. 

In  Canada  and  in  the  FRG  (Federal  Republic  of  Germany],  in  addition  to 
English  synthetic  oil  Turboil-35,  the  American  petroleum  oil  Turboil-2  is  also 
employed  for  TVP's. 


CHAPTER  THIRTEEN 


LUBRICANTS  FOR  TURBOJET  ENGINES  ABROAD 
Petroleum  Oil 

In  the  first  TRD's  abroad,  petroleum  lubricants  which  fully  satisfied 
requirements  insofar  as  lubricating,  starting  and  antioxidation  character¬ 
istics  were  concerned  were  employed.  In  connection  with  the  modernization  of 
the  TRI)  and  the  shift  in  recent  years  of  jet  aircraft  to  supersonic  speeds 
(more  than  1100-1200  ks/hr),  these  aircraft  employ  mainly  synthetic  lubric¬ 
ants.  Table  71  shows  data  concerning  the  use  of  various  oils  in  TRD's  abroad 
in  relation  to  the  speed  of  flight  of  the  aircraft. 

Petroleum  oils  are  employed  abroad  mainly  for  the  TRD's  of  subsonic 
aircraft,  where  the  oil  operating  temperature  usually  does  not  exceed 
115-120*C.  Thus  in  the  USA  for  the  engines  of  aircraft  operating  at  a  flight 
speed  of  960-1100  km/hr,  petroleum  oils  are  employed  which  comply  with  the 
specification  MIL-O-6081B;  in  England  under  the  same  speed  conditions  oil  is 
employed  which  complies  with  the  specifications  DERD-2479,  DERD-2490.  etc. 

Petroleum  lubricants,  as  a  rule,  are  not  employed  abroad  at  the  present 
time  for  the  engines  of  supersonic  aircraft  192-94]  due  to  the  Increased 
operating  oil  temperatures  in  friction  assemblies  of  the  engines  up  to 
250-260"C.  Under  these  conditions  the  quality  of  petroleum  oils  deteriorates 
significantly  (they  display  insufficient  stability,  they  have  Increased 
vaporizability  and  corrosive  activity  with  respect  to  metals)  and  therefore 
such  oils  cannot  provide  engine  lubrication  for  the  period  of  time  required. 

An  exception  is  the  French  TRD  Atar,  Installed  in  the  French  supersonic 
fighter  d'Assault,  in  which  French  end  English  petroleum  oils  are  employed. 

Host  of  the  petroleum  oils  are  produced  by  firms  of  the  USA  and  England, 
which  provide  these  to  European  countries,  as  well  as  to  Canada  and  Australia. 
In  conjunction  with  this,  petroleim  oils  of  local  manufacture  are  also  used  in 
France  and  Canada  (for  example,  Air- 3512  in  France  and  3-CR-38  in  Canada). 
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Table  71.  The  Use  of  Lubricant*  In  eh*  Jat  Aviation  of  Foreign  Countries 
In  Relation  to  Aircraft  Spaad  of  Flight 


Country 

•light  speed 

Oil 

Specification 

USA 

960 

pctroleua 

MIL-O- 6081B 

960 

synthetic 

MIL-L-7808B 

1100 

petroleua 

MIL-L-7808B 

1100 

synthetic 

MIL-O- 6081B  and  later 

1200 

rt 

synthetic 

aodlficatlons  to  this 
specification 

MIL-O- 6081B  and  later 
aodlficatlons  to  this 
apadfication 

1-5* 

Synthetic 

MIL-O-6O8IB  and  later 
aodlficatlons  to  this 
specification 

synthetic 

MIL-O-6081B  and  later 

d  . Uw 

aodlficatlons  to  this 
specification 

?  •  5* 

synthetic 

MIL-O- 6081B  and  later 
aodlficatlons  to  this 
specification 

England 

960 

petroleua 

DERD-2479 

l--.ro 

petroleua 

DERD-2490 

Jl-V. 

petroleua 

DERD-2479 

110' 

synthetic 

DERD-2487 

1.0  f 

synthetic 

DERD-2497 

2.0 

synthetic 

DERD-2497 

France 

1100 

petroleua 

Air- 3512 

)  100 

petroleua 

DERD-2479 

1100 

petroleua 

DERD-2490 

1.3* 

petroleua 

Alr-3512  and  DERD-2479 

j  Canada 

HOC 

petroleua 

3-GR-38 

1100 

petroleua 

MIL-O-6081B 

1100 

synthetic 

DERD-2487  and  DERD-2497 

Switzerland 

1150 

synthetic 

DERD-2487  and  DERD-2497 

1 . 3* 

synthetic 

DERD-2487  and  DERD-2497 

1  Italy 

1050 

synthetic 

DERD-2487  and  DERD-2497 

Austria 

1160 

synthetic 

DERD-2487  and  DERD-2497 

*  Aircraft  speed  la  given  in  Mach  nunbera. 


Foreign  Specifications 

In  the  USA  and  England,  the  aaln  countrlea  which  deternlne  the  direction 
and  tempo  of  the  production  development  of  lubrlc-anta  for  TRD's,  speclflca- 
tlons  have  been  established  for  these  oils  (pctroleua  and  synthetic),  which 
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define  their  physicochemical  indicators  and  test  methods;  in  addition,  the 
establishment  of  specifications  permits  maintaining  uniformity  in  the 
delivery  of  batches  of  a  given  type  of  oil. 

Specifications  are  not  unchangeable  standards  since  corrections  are 
systematically  introduced,  as  are  new  methods  of  evaluating  the  quality  or  the 
directions  for  the  application  of  oils.  The  latest  specifications  include 
stricter  quality  indicators  for  lubricants,  which  reflect  the  ever  increasing 
requirements  Imposed  upon  them.  Usually  in  the  USA  [95],  military  organiza¬ 
tions  establish  specifications  for  lubricants  for  all  branches  of  tne 
services,  and  the  civil  governmental  organs  usually  accept  these  specifica¬ 
tions  without  changes. 

In  the  USA  each  specification  for  materials  Intended  for  use  in  military 
technology  is  designated  by  the  letters  MIL,  after  which  follow  letters 
characterizing  the  type  of  lubricant.  For  example,  MIL-L  pertains  to  all 
lubricating  materials,  mostly  liquid  oils,  authorized  for  use  in  the  Army; 
MIL-0  pertains  only  to  lubricating  oils;  MIL-G  pertains  to  plastic  lubricants 
of  military  type,  etc.  In  the  USA  jet  oil  types  are  designated  by  the 
viscosity  value  of  the  oil  at  100*F  (37.8*C]  with  the  addition  of  the  number 
1000. 

The  majority  of  lubricants  for  TRD's  are  produced  by  the  "Shell”  firm. 
These  oils  are  known  as  Aeroshell  lubricants  and  have  their  own  marking.  For 
petroleum  oils  after  the  name  Aeroshell  (or  Turboil)  a  number  is  placed  which 
Indicates  the  viscosity  in  cs  at  98.9”C;  for  synthetic  oils  this  same  number 
is  multiplied  by  100. 

Since  jet  oils  also  have  international  designations,  and  in  addition,  a 
single  NATO  system  marking,  their  complete  marking  is  quite  complex.  Examdes 
of  Che  marking  of  American  and  English  oils  for  TRD’s  are  shown  in  Table  72 
[95]. 

Types  of  Jet  Petroleum  Oils 

Two  types  of  petroleum  oils  are  used  for  the  lubrication  of  subsonic 
TRD's  in  the  USA  and  England,  which  differ  significantly  from  each  other  in 
operating  properties1. 

TSee  p.  203 


173 


Table  72.  The  Classification  of  011a  for  TBS' a  Abroad 


Specification 

i 

L  ’  _  -  .  . 

Name  of  Shell 

firm  oils 

NATO 

marking 

International 

designation 

1  USA 

| 

petroleum  oils 

MIL-0-6081B,  type  1005 

Aeroshell-l 

0132 

_ 

CTurboll-U 

VIL--  6081B,  type  1010 

Aeroshell-2 

0133 

0M-10 

1  England 

li.:  *-**•?: 

Aeroshell-3 

0135 

0M-11 

■ERD-248C 

Aero3hell-5 

Aeroshell-9 

0138 

OH-71 

CERD-?47 j/l 

Aeroshell-9B 

0136 

0M-71 

USA 

synthetic  oils 

MIL-L-78080 

Aeroshell- 

300 

0148 

- 

hng  ar.u 

|  DERD-2487 

Aeroshell- 

750 

01*19 

OX- 3  8 

c  i 

CO  -rl 

•H  E 

TJ  Tl  O 

<0  O 

C  <D  -P 

CO  O.  CO 

O  m  o 


139P-900 

3GP-901 


PGP-H3J 


From  Tables  73  and  74,  where  the  specifications  and  some  factual  data 
concerning  the  properties  of  foreign  petroleiss  oils  are  shown.  It  Is  apparent 
that  types  1010  and  1005  oils  are  employed  In  the  USA  In  accordance  with  the 
MIL-0-6081  specification,  and  in  England  oils  are  esiployed  in  accordance  with 
the  DERD-2490  and  DERD-2479  specifications  [52,  96,  97). 

All  these  oils  may  be  regarded  as  lov-vlscoslty  products,  since  their 
kinematic  viscosity  at  38*C  does  not  exceed  5-10  cs;  they  are  similar  to 
domestic  petroleum  oils  (GOST  6457-66). 

Maxwell  [98]  enumerates  the  main  TRD's  In  which  petroleum  olla  are 
employed  (Table  75)  and  points  out  that  in  England  such  petroleum  oil  Is  also 
employed  In  accordance  with  specifications  DERD-24802  for  oils  intended  for 
operation  under  Arctic  conditions. 

2Sce  p. 
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Table  73.  Specifications  In  Basic  Properties  of  American  Petroleum  Lubricants 

for  TRD's 


MIL-0-608lB,type 
1005(Turboil-l ) 

Indicators 

MIL-0-6081B, 

Require- 

Factual 

type  1005 

raents  of 

data 

(Turboil-U 

mim 

20 

Density  o ..  . 

0.803 

Kinematic  viscosity,  cs 

at  37.8°C  minimum  . 

n .  n 

10.0 

2.5 

6.8* 

2.4** 

at  98.9°C,  "  . 

at  -4o°C,  maximum  .  . . . 

400*** 

■i  tor 

at  -54°C,  "  . 

2600 

40000 

Temperature, °C 

flash  point  in  open  vessel,  minimum 

107 

IV- 

132 

pour  point,  maximum  . 

-60*** 

-57 

0.1 

-60 

0.01 

Acid  No. ‘mg  KOH/g  . . 

0 . 1 

Viscosity  change  after  holding  time  of 

3  hr.,  1 

at  -54  C, maximum  . 

3 

? 

at  -40°C  "  .  . 

Oxidation-corrosion  tests  at  121°C  for 
168  hr. 

Change  in  mass  of  plates  of  copper. 

steel, aluminum  alloy,  magnesium  alloy, 
cadmium-plated  steel,  mg/cnr,  maximum 

+  0.02 

+0.2 

. 

viscosity  change  at  37.8°C,X  . 

from  -5  to+20 

from  -5 
to+20 

a. 

[Viscosity  index,  minimum  . 

Vaporizability  at  100°C  for  22  hr,  % 

80 
-v  20 

70 

<\.8 

- 

•  Determined  at  50°C. 


Determined  at  100°C. 
»>*  Factual  data. 
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Table  74.  The  Specifications  and  Kasic  Properties  of  Kngllah  Petroleum  Lubricants  for  TRD'a 


The  pour  point  of  English  TRD  petroleum  oils  is  10-20°C  higher  than  for 
American  oils,  which  is  explained  by  the  different  operating  conditions  for 
oils  in  these  countries.  In  the  Alaskan  area  of  the  USA,  the  air  temperature 
extends  to  -55*C,  whereas  in  England  the  climate  is  relatively  mild  —  a  pour 
point  for  TRD  oils  from  -30  to  -40°C  is  fully  authorised.  English  oils  of  the 
DERD-2479  type  are  already  a  solid  mass  at  -40° C. 

Typical  viscosity-temperature  curves  for  foreign  TRD  petroleum  oils  are 
shown  in  Figure  38.  It  is  apparent  that  the  American  petroleum  oils  possess 
the  best  viscosity-temperature  characteristics  and  that  the  svnthetic  oils 
(Turboll-300  and  Turboll-750)  have  the  beat  viscosity  indices,  compared  to  all 
petroleum  oils. 

Type  1010  petroleum  oil  is  most  frequently  employed  in  the  I'SA  tor  mass- 
produced  subsonic  TRD's,  where  the  oil  operating  temperature  falls  within  the 
renge  50-70*0  and  the  bearing  temperatures  are  approximately  150°C.  Type  1005 
oil  la  a  special  arctic  oil  and  is  employed  In  special  cases;  it  contains  a 
depressor  and  an  antioxidation  additive.  Both  of  these  oils  solidify  at 
temperatures  of  approximately  -60°C,  and  their  viscosity  at-40*r  is  not  more 
than  3000  cs  and  therefore  they  are  characterized  by  good  low-temperature 
properties.  Multifunctional  additives  are  introduced  into  American  petroleum 
oils  in  order  to  improve  their  low-temperature  and  other  characteristics. 

The  viscosity-temperature  characteristics  for  domestic  and  foreign 
petroleum  oils,  as  well  as  for  several  synthetic  oils,  are  shown  In  Table  76. 

In  engines  operating  under  Increased  temperature  conditions,  type  1010 
oil  is  overwhelmingly  used;  this  oil  has  a  flash  point  20*C  higher  and  a 
vaporlzablllty  at  100*C  2.5  times  greater  then  type  1005  oil. 

In  England  a  great  deal  of  attention  has  been  devoted  t<  the  high- 
tcmperature  end  lubricating  properties  of  petrolsun  oils  so  that  they. may  be 
used  in  TVD's,  having  highly  stressed  reducers.  In  this  connection  two  tvpes 
of  oils  are  produced  In  accordance  with  the  DERD-2479  specification:  the 
type  2479/0  without  an  additive  for  TRD’a.  and  type  2479/1  with  a  IX  additive 
(for  high  pressures),  which  contains  sulfur  and  phosphorus  for  TVD's.  Two 
types  of  oils  are  also  manufactured  in  accordance  with  the  DERD-2490 
specification:  without  an  additive  and  with  a  0.1Z  addition  of  ataaric  acid, 
which  improves  lubricating  properr.ts  of  the  oil  at  Increased  temperatures. 
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I  l«ure  38.  Typical  viscosity-temperature  curves  for  lubricants  of 
the  "Shell"  firm.  i,  Turboil-1;  2,  Turboil-2;  3,  Turboil-3; 

4,  Turboll-5;  5.  Turboil-9;  6,  Turboll-300;  7,  Turboil-750 


Table  7S.  Classification  and  Use  of  Petroleum  TRD  Lubricants  Abroad 
According  to  Maxwell 


'Shell"  firm  _j_ 

Specification 

Fnglne  type 

oils  , 

England 

USA 

1 

Turboil-1  | 

MIL-O-6081B, 

1005 

type 

Boeing  502  (T-50) 
General  Electric  J-47 

Turboil-2 

MIL-0-6081B, 

type 

Allison  J-33;  Allison 

i 

1 

1  Turboil-3  . 

Turboil-5  . 

Turboil-9(9B)! 

DERD-2490 

DEAD-2480 

DERD-2479/0; 

DERD-2479/1 

1010 

J-35;  Continental 

J-69  G-29;  General 
Electric  J-47 

Rolls  Royce;  Derwent ; 
Havilland;  Goblin 
Bristol  705; 

Havilland  105 

In  France,  in  addition  to  the  Air-3512  petroleum  oil  already  Indicated, 
petroleum  oils  of  the  Alr-3316  type  with  a  viscosity  of  10  cs  at  38*C  (which 
:orresponds  in  properties  to  the  type  1010  American  oil)  and  Alr-3515,  with  a 
vls.oslty  of  3  cs  at  100*C  (corresponding  to  the  English  DERD2479/0  English 
oil)  are  employed. 

In  Canada,  in  addition  to  American  oils,  petroleia  oils  are  used  for 
TRD's  in  accordance  with  the  3-CR-38  specification  (which  corresponds  to  the 
American  type  1010  oil).  In  connection  with  the  fact  that  in  Europe  the 
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production  of  pstroleum  oils  for  TRD's  is  concentrated  mainly  In  plants  of  the 
Esso  an  I  Shell  firms  (iurboil-1,  2,  3,  5  and  9),  these  oils  are  widely 
employed  in  such  countries  as  Italy,  Sweden,  Belgium,  Australia,  etc.  The 
basic  properties  of  foreign  and  domestic  petroleum  oils  are  shown  in  Table  77 
[97]. 

Table  76.  The  Viscosity  Temperature  Characteristics  of  Petroleum  and 
Synthetic  Oils  for  TRD's 


1 

Specification 

393 

Kinematic  viscosity,  cs 
at  temperatures,  °C 

Pour 

point .°C 

■ 

-10 

HI 

-40 

m 

Oil  by  COST  6*157-66 
(USSR)  . 

210 

Petroleum  oils 

585  12278  i8500 

-55 

DERD-2*I90  (England) - 

- 

2jl6 

544 

1330 

5800 

404u0 

-46 

MIL-0-6081B  (USA)  . 

1010 

131 

314 

806 

3000 

15420 

-57 

DERD-2487  (England)  - 

_ 

502 

Synthetic  Oils 

1911  | 3400  |  11590 

-54 

Diester  oil  (USSR)  .... 

165 

341 

f  84  = 

260C 

-60 

TRu  petroleum  oils  used  in  the  USSR,  USA  and  England  are  similar  In  ba^lc 
properties  and  may  be  interchanged.  In  servicing  domestic  al-craft  equipped 
with  TRD's  at  airports  abroad  (TU-104),  it  is  permissible  to  use  petroleum 
lubricants  of  the  following  types  [20]:  Turboil-i  in  accordance  with  the 
DERD-2490  specification  (England);  Turboil-2  in  agreement  with  the  MIL-O-6081 
specification,  type  1010  (USA). 

Due  to  incompatibility  and  the  possibility  of  iestroying  rubber  gasket 
materials,  servicing  the  oil  systems  of  Soviet  aircraft  equipped  with  TRD's 
with  DERD-2487  and  MIL-L-7808  oils  la  not  permitted. 

Bench  and  flight  testa  of  petroleum  oils  in  the  USA  and  England  In  a 
number  of  supersonic  TRD's,  where  the  operating  temperature  of  the  oil  attains 
values  of  the  order  of  230-240’C,  have  revealed  that  under  these  conditions  a 
significant  quantity  of  deposits  is  formed  in  the  friction  points  of  the 
engines  and  oil  consumption  increases  as  a  result  of  vaporization;  in  addi¬ 
tion,  at  increased  temperatures  petroleum  oils  display  insufficient  lubri¬ 
cating  (anti-wear)  properties. 
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T«blt  77.  Beale  Properties!  of  Foreign  and  Domeatlc  Petroleum  011a 
for  TRD'a  (Factual  Data) 


Physicochemical 

properties 


Kinematic  viscosity,  cs 


DERD-2490 

Turbotl-3 

MIL-0- 

6081B 

type 

1010 

Turboll-2 

00ST 

6457-66 

MK-8 

Q0ST 

10323-65 

MS-6 

England 

D8A 

USSB 

USSB 

at  100°C 


at  -4o°c  . . . . 

Temperatures’ 

flash  point  in  a  closed 

vessel  . 

pour  point  . . 

Density  pjjC 

Acid  No.  rag  K6A>e*:::::::;: 
Stability  during;  air  oxida¬ 
tion  at  175  C  for  10  hr. 
Quantity  of  deposits,  %  .... 
Acid  No.  mg  KOH/g  .......... 


2.23 

6.10 

mot 


0.870 

0.12 


0.89^ 

0.01 


0.884 
!  0.04 


0.851 

0.02 


The  maximum  permissible  temperatures  for  the  uae  of  petroleum  oils  in 
TRD's  are  considered  to  be  not  greater  than  120-130*C.  Synthetic  lubricants 
must  be  used  at  higher  TRD  temperatures.  The  possibility  has  been  demon¬ 
strated  recently  of  employing  high-viscosity  petroleum  oils  in  highly  stressed 
supersonic  TRD's;  these  oils  are  obtslned  by  special  raw  material  refining  and 
cleaning  methods. 

Synthetic  Oils 

Light  patrolsura  oils  wars  used  successfully  in  foreign  early-modal  TRD'a 
(F-86,  B-47,  etc.);  the  operating  temparaturaa  of  oile  in  theae  engines  did 
not  sxcssd  90-95*C.  In  domastlc  TRD's,  vh.ra  the  maximum  oil  tsmperatur.  ,t 
the  angina  output  did  not  exceed  9S-U5*C,  petrol*.*  oile  ware  also  employed; 
the  area  of  the  application  of  theaa  oils  waa  limited  to  operating  temper¬ 
ature*  below  110-130*C. 


As  a  result  of  the  recent  shift  of  Jet  aircraft  to  sonic  and  supersonic 
speeds,  the  teaperatures  and  operating  loads  in  TRD  friction  points  have 
increased.  The  maximum  temperature  of  the  bearings  in  supersonic  TRD's  may 
reach  315-370®C,  and  the  average  oil  temperature  at  the  bearing  output  raav 
reach  175-250“C  [93].  In  this  connection  the  quality  requirement  for 
lubricating  oils  grew,  and  in  supercharged  foreign  TRD’s  (B-58  and  F-104 
types),  which  provided  for  aircraft  speeds  up  to  Mach  2,  it  was  already 
necessary  to  employ  synthetic  lubricants. 

When  compared  to  petroleum  oils,  synthetic  oils,  as  a  rule,  are  char¬ 
acterised  by  less  carbon  formation  in  the  engine,  are  less  subject  to  vapor¬ 
ization  and  possess  improved  lubricating  properties,  particularly  after  the 
introduction  of  the  required  additives. 

In  connection  with  the  rapid  development  of  turbojet  aviation  in  foreign 
countries  after  the  end  of  the  Seccnd  World  War,  the  necessity  arose  to 
develop  high-quality  synthetic  Jet  oils  [99].  The  basic  requirements  in  the 
development  of  synthetic  oils  were  the  improvement  in  their  high-temperature 
tl—»«.'teristics  in  conjunction  with  low  vaporizability ,  good  pumping  qual¬ 
ities  at  low  temperatures  and  high  lubricating  capability. 

Broad  research  in  the  development  of  synthetic  oils  for  TRD's  has  been 
—  ;ducted  in  the  USA  and  England  since  1947.  Synthetic  oils  developed  In 
recent  years  have  undergone  careful  checking  by  means  of  bench  and  operating 
tests.  The  regular  use  of  synthetic  lubricants  in  jet  aircraft  began  in  the 
USA  and  England  in  1952;  subsequently,  synthetic  oils  almost  completely 
supplanted  petroleum  oils.  By  1960  the  demand  for  synthetic  lubricants  in  the 
USA  exceeded  8000  tons  per  year. 

Based  on  a  study  of  the  quality  of  synthetic  jet  nils  and  the  require¬ 
ments  imposed  on  them  by  the  engines,  oils  used  and  developed  for  TRD's  may  be 
divided  [100]  Into  three  basic  groups  in  conjunction  with  their  operating 
capabilities  st  high  temperatures. 

First  Croup 

To  the  first  group  of  oils  belong  synthetic  oils  obtained  on  the  basis  of 
dlesters  of  aliphatic  monohydrlc  alcohols  and  dibasic  acids.  Representatives 
of  thi#  group  are  the  first  synthstlc  oils  of  the  USA  (the  MIL-L-78O8 
specification  with  various  letters)  and  of  England  (the  DERD-2487 
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specification).  These  are  the  baalc  synthetic  oils  employed  since  1952  in 
military  and  civil  aircraft  flying  at  subsonic  and  predominantly  at  supersonic 
speeds.  Diester  oils  are  obtained  by  means  of  the  introduction  into  the 
synthetic  base  (mostlv  into  di-2-ethylhexyl  sebacate)  of  antioxidation  and 
anti-wear  additives. 

The  typical  diester  oil  based  on  diisoctyl  aebacate  complies  with  the 
requirements  of  the  MIL-L-7808  specification  and  has  the  following  composition 
(in  percent  by  weight)  [101): 


diisoctyl  sebacate 

94.5 

* 

trlcresyl  phosphate 

5 

phenthlazlne 

0.5 

Total  100 

To  this  oii  is  added  0.0012  by  weight  of  siloxane  as  an  antifoaalng  additive. 

A  large  number  of  oils  of  this  type  (99-102)  satisfies  the  requirements 
of  the  MIL-L-7808  specification.  They  represent  the  various  dlesters  and 
aliphatic  alcohols  Cg-C1Q.  Usually  phenthlazlne  is  employed  as  an  antl- 
oxidatlon  additive,  tricreavl  phosphate  as  an  anti-wear  additive,  and 
silicones  as  ant l foaming  agents.  It  is  also  possible  ro  employe  other 
additives  foi  the  purpose  indicated.  Sometimes  additives  are  employed  which 
improve  the  viscosity  index  (101). 

Recently  the  widely  employed  sebacates  (diisoctyl  aebacate)  have  mostly 
been  replaced  with  azelates  pelargonates  and  even  by  adipates  as  a  result  of 
the  cost  rduction,  although  these  esters  are  Inferior  to  sebacates  Insofar  as 
thermal  stability  and  thermal  oxidation  stability  are  concerned. 

We  note  [103)  that  octyl  esters  of  **.=I;..'c  acid  complies  fully  with  the 
requirements  of  the  MIL-I-78C8C  specification,  and  pelargonlc  eaters  of 
trlmethylol  propane  complies  with  the  HIL-L-7808E  specification. 

Esters  of  dlcarboxyllc  acids  and  aliphatic  monohydrlc  alcohols  are  among 
the  heat  compounds  which  possess  tha  complex  of  properties  required  as  the 
bases  for  synthetic  Jet  oils.  They  display  satisfactory  tharmal  oxidation 
stability,  a  high  viscosity  index,  relatively  low  vaporlzabllity  and  Insignif¬ 
icant  corrosive  activity  with  respect  to  the  majority  of  metals  employed  In 
TRD's.  The  aelf-lgnlt ion  point  of  dlesters  is  relatively  high.  When  it  is 
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necessary  to  improve  the  load-carrying  capacity  of  these  compounds  (at  the 
expense  of  an  Increase  in  viscosity),  complex  esters  of  aliphatic  and 
dlhydric  alcohols  with  dibasic  acids  or  pclyalkylene  oxides  are  added  [103]. 

The  consumption  of  dies  ter  oils  in  TRD'i  is  not  great;  during  operation 
at  temperatures  up  tv  175-177’C,  seals  of  special  types  of  resistant  aviation 
rubber  are  not  destroyed.  Among  the  shortcomings  of  oils  based  on  diesters 
we  must  include  their  corrosive  activity  coward  laed  during  an  extended 
storage  period,  which  appears,  apparently,  as  a  result  of  partial  diester 
hydrolysis.  However,  this  shortcoming  may  be  partially  removed  by  the  intro¬ 
duction  of  additives  of  the  aliphatic  amine  type  type  (for  example,  the 
-uaitive  2.6AC) ,  which  are  compatible  with  the  oils. 

The  properties  of  oils  of  the  first  group  are  shown  in  Tab'e  78  [1041. 

Table  78.  Properties  of  Synthetic  Lubricants  Employed  ABroad  (First 

Group) 


Country  and 

Specif icat ion 

Shell  firm 
classifi¬ 
cation 

o 

c 

a 

i 

CO 

Kinematic  vlscc 

at  temperature 

>slty 

,°C 

Temperature0^ 

bC 

£ 

Z 

to 

T*  \ 
-  X 

o  c 

<  JC 

Pour 

"point 

T-1 

x: 

m  Q> 

aj  c  c  r. 

r-  V  D 

^  c  c.  a 

C  0  > 

58.8 

37.8 

-40 

_c;c 

USA 

Tur- 

1 

3.5 

13-6 

1900 

12200  -60 

215 

0.17 

MIL-L-7808 

boil- 

2 

3.48 

- 

1885 

* 

-60 

219 

0.22 

300* 

3 

3-6 

14.0 

1900 

- 

-61 

221 

0.13 

England 

Tur- 

1 

7-8 

39.0 

ksooc 

1000C)  -57 

232 

- 

DERD-2487 

boll- 

2** 

7.42 

- 

I060C 

- 

-54 

239 

0.17 

750* 

7.43 

23.4 

B-159C 

- 

-55 

244»«*» 

0.19 

j*  Previously  designated  as 

Turboll-1 

5  and 

Turboil-35»  Respectively. 

•*  After  air  oxidation  In  the  VTI  device  (50  hr  at  15.  C)  the  acid 
number  was  0.26  mg,  quantity  of  deposits  of  0.04JS. 
vs  "  val  and  mechanical  destruction  data  at  50  and  100  hr  are  not 
f.  lalile:  the  viscosity  was  determined  at  50°C. 


Work  is  continuing  abroad  in  the  Improvement  of  the  thermal  oxidation 
stability  and  anti-wear  properties  of  diester  oils. 

Synthetic  oils  based  on  dicarboxyllc  eaters  may  opeiate  in  engines  at 
temperatures  of  ISO-175'C  ard  temporarily  up  to  240*C  [93,  94,  105].  At 
higher  temperatures  the  thermal  oxidation  stability  of  oils  based  on  dllaoctyl 
sebacate  galls  (Figure  39),  which  is  associated  with  its  ability  to  absorb 
oxygen  (Figure  40)  at  Increased  temperatures.  Thus,  at  250*C,  the  dlesters 
absorb  22Z  oxygen,  and  at  370*C,  four  times  aa  much.  Therefore,  oils  based  on 
dicarboxyllc  esters  cannot  provide  for  the  operation  of  power-boosted  Ttfo's, 
intended  for  aircraft  flights  with  speeds  of  Mach  2,  since  in  these  engines 
oil  operating  temperatures  reach  200* C  and  above. 
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Figure  39.  Temperature  influence  on  the  thermal  oxidation  stabil¬ 
ity  of  dl-2-ethylhexyl  6ebacnte  (with  0.5X  phenthlazlne) 
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Figure  40.  The  influence  of  temperature  on  the  ability  of  dl~2- 
ethylhexyl  sebacale  (with  0.5T  phenthlazlne)  to  ebeorb  oxygen 

Foreign  tpeclallete  point  out  that  synthetic  oils  of  the  first  group  (the 
KIL-l-7803,  DERD-2487  and  other  specification#)  are  capable  of  operation  at 
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the  present  tine  up  to  temperatures  of  150°C  and  In  some  cases  to  175-180°C 
192,  106], 

Judging  by  data  from  the  latest  literature  and  reference  books, 
TurbolJ-300  oil,  which  corresponds  to  the  MIL-L-7808  specification,  is  no 
longer  employed  in  military  aircraft  of  the  highest  type. 

It  is  still  widely  employed  and  will  be  employed  for  a  long  time  to  come 
in  the  engines  of  subsonic  passenger  and  transport  aircraft,  since  it  provides 
for  reliable  starting  and  lubrication. 

Oil  temperature  increases  during  aircraft  flight  at  supersonic  speeds 
not  only  as  a  result  of  design  characteristics  of  the  TRD,  but  also  as  a 
result  of  the  increase  in  flight  speed.  Thus,  [107]  at  flight  speeds  of 
Mach  2,  3  and  4,  the  oil  temperature  may  reach  values  of  210,  315  and  420°0, 
respectively  (Figure  41).  This  is  explained  by  significant  heating  of  the 
aircraft  skin  in  flight  as  a  result  of  air  friction.  Heat  from  the  skin  is 
transmitted  to  the  frame  of  the  aircraft,  and  from  there  to  the  fuel  and  oil 
tanks,  to  the  engine  and  to  various  aircraft  assemblies.  According  to 
calculated  data  [1081,  at  supersonic  flight  speeds  of  Mach  2.7  the  oil 
temperature  in  the  tank  of  a  transport  aircraft  will  be  90°C,  and  the 
temperature  at  the  combustion  chamber  injectors  will  reach  a  value  of 
Thi9  in  turn  will  be  reflected  as  an  increase  in  lubricant  temperature.  At 
Mach  3  speeds  the  oil  tempeiature  in  the  tank  and  at  the  injectors  is 
Increased  to  150  and  260°C,  respectively. 

It  is  assumed  that  in  the  engine  of  the  supersonic  transport  aircraft 
Concord  [10b],  developed  by  the  English  and  the  French,  the  average  oil 
temperature  will  be  approximately  180°C,  and  that  the  temperature  of  the  oil 
delivered  from  several  engine  lubrication  points  in  the  pumping  svstem  will  be 
of  the  order  of  285°C.  It  is  believed  that  in  power-boosted  TRD’s  of  the 
future,  oil  will  be  in  contact  with  air  having  a  temperature  up  to  350*C. 

This  Indicates  the  necessity  of  developing  and  employing  a  synthetic 
lubricant  which  is  significantly  more  stable  than  the  oils  desctlbeo  above. 

Second  Croup 

Oils  of  this  type  are  prepared  mainly  op.  the  basis  of  polyglycol  esters 
which  have  a  more  thermally  stable  structure  than  dlcarboxylic  esters. 
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Polyglycol  esters  are  characterized  by  low  volatility,  superior  viscosity- 
temperature  properties  and  the  capability  of  preventing  wear  In  engine  parts. 
Their  thermal  oxidation  stability  may  be  Improved  by  the  introduction  of 
appropriate  additives.  Polyglycol  esters  have  no  active  influence  on  metals, 
end  Insofar  as  cost  Is  concerned  they  are  less  expensive  than  diester  oils. 
The  thermal  oxidation  stability  of  synthetic  oils  prepared  on  this  base  Is 
15-201  higher  than  for  diester  oils  based  on  dicarboxyllc  acids. 


Figure  41.  Incoming  air  and  oil  temperature  as  a  function  of 
aircraft  speed 

Among  the  more  stable  are  also  the  esters  which  characterize  the  presence 
of  the  neopentyl  grouping.  In  this  structure,  the  carbon  atoms,  which  are 
located  in  the  £  position  to  cne  ester  group,  are  lacking  In  hydrogen.  Oils 
on  this  base  are  known  as  ueopentyl  oils.  Synthetic  oils  of  Improved  thermal 
oxldatlm  stability  are  also  prepared  on  the  basis  of  esters  of  trimethylol 
propane  (neopentyl  esters)  and  sebacic  and  azelalc  acids. 

Oils  of  the  second  group  represent  a  wide  selection  of  synthetic  oils, 
the  quality  of  which  is  provided  for  in  the  increased  requirements  of  the 
MIL-L-Jlf??,  DER&-2497  and  MIL-L-9236B  specifications.  These  oils  are 
employed  for  power-boosted  (including  bypass)  TRD's  for  military  and  civil 
purposes.  Thus  In  the  engines  of  the  American  supersonic  .9-70  bomber,  which 
attains  speeds  of  up  to  Mach  3,  oil  is  employed  which  is  processed  In  accord¬ 
ance  with  the  MIL-L-9236B  specification.  No  significant  oxidation  of  this  oil 
la  observed  down  to  temperatures  of  approximately  210*C;  the  oil  provides 
engine  starting  at  temperatures  down  to  -53*C. 


A 
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Oil*  of  the  second  group  are  intended  for  operation  within  the  range  of 
200  to  260*0;  they  have  been  produced  in  commercial  quantities  since  1963. 
However,  the  upper  limit  of  their  temperature  operating  capabilities  has  not 
yet  been  attained.  These  oils  are  promising  only  for  the  first  supersonic 
transport  aircraft  of  the  future. 

At  the  present  time  the  aviation  industry  of  foreign  countries  has  begun 
to  replace  rapidly  oils  of  the  first  group  with  oils  of  the  second  group. 


Third  Group 

Oils  of  this  group  must  be  manufactured  on  the  basis  of  new,  promising 
chemical  compounds  [93}.  The  base  of  this  oil  may  consist  of  pentacycllc 
polyphenyl  esters  (5P4E) ,  the  thermal  stability  of  which  Is  approximately 
150*C  higher  than  for  the  esf'-rs  or  oils  f  the  second  group.  However,  pr>lv- 
phenyl  esters  have  a  high  pour  point  (4-5*01;  therefore,  at  the  present  time 
the  possibility  of  obtaining  esters  of  this  type  m  combination  with  other 
compounds  Is  being  investigated.  In  addition,  halo  derivatives  of  hydro¬ 
carbons,  silicon  compounds ,  chlorine-containing  polyorganoelloxanes  are  being 
actively  investigated,  as  well  as  high-boiling  petroleum  oil-  after  supple¬ 
mental  processing  and  cleaning  [109].’ 


Oils  of  the  third  group  are  intended  for  applications  at  temperatures 
above  260*C  in  TRD's  of  supersonic  military  and  civil  aviation,  which  are 
Installed  in  aircraft  with  speeds  of  Mach  3  and  above  in  the  USA,  England  and 
Prance. 


The  new  specification  MIL-L-27502  was  Issued  in  the  United  States  in  1965 
for  an  oil  of  the  third  group,  the  operating  temperature  of  which  attains  a 
value  of  260*0.  According  to  this  specification  the  requirements  for  low- 
temperature  properties  of  these  oils  are  reduced  (the  "iscosltv  at  -J4*r  Is- 
established  at  13,000  cs) ;  nevertheless.  .11  which  satisfies  the  requirements 
of  this  specification  has  not  yet  been  successfully  manufactured  (Figure  42). 

Synthetic  oils  based  on  the  specifications  MIL-I -7808  with  various 
lettera,  DERD-2487,  DERD-2497  and  MIL-L-9236B,  etc.,  are  manufactured  and 
delivered  to  consumers  in  the  quantities  required  by  the  Shell  firm. 


Synthetic  oil  Air-3513,  which  is  of  local  manufacture,  is  also  employed 
in  Prance;  it  corresponds  to  the  American  oil  of  the  MIL-L-7808C  specification. 
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figure  41.  The  temperature-range  requirements  of  American  specif¬ 
ication*  for  the  operating  capability  of  aynthetlc  TKD  oils 

It  hja  neen  reported  that  the  first  supersonk  transport  aircraft  will 
appear  In  1469:  In  the  USA  with  a  speed  of  Mach  3,  and  In  England  with  a 
speed  of  Mach  2.  These  aircraft  will  be  equipped  with  power-boosted  TRD's , 
for  which  oils  of  extremely  high  quality  will  be  required.  Since  there  are 
still  no  oils  in  the  third  group,  the  problem  of  the  possibility  of  employing 
oils  of  the  second  group  In  aircraft  of  this  type  la  being  deterwlned. 

In  general,  liquid  lubricants  will  not  be  suitable  for  TRD's  of  second- 
generation  supersonic  aircraft.  It  is  believed  that  gaseous  and  solid 
lubricants  will  be  employed  for  the  lubrication  of  the  thermally  stressed 
bearings  of  these  engines. 

As  a  result  of  Intensive  Investigations  abroad  In  recent  years,  the 
selection  and  formulation  of  aynthetlc  lubricants  and  additive*  for  them  has 
Increased  constantly.  The  basic  tendencies  In  the  development  of  synthetic 
oils  of  the  second  group  abroad  has  been  the  use  of  so-called  complex  esters, 
or  a  blend  of  various  eaters  and  polyalkylene  esters  as  a  base  for  these  oils, 
as  well  as  efforts  toward  Increasing  the  stability  of  oils  by  means  of  ant  I - 
oxidation  additives.  The  latter  Is  achieved  by  the  simultaneous  use  of 


several  additives  which  in  a  number  of  cases  Increases  their  effectiveness  as 
a  result  of  synergism. 


Specifications 

Specifications  for  Applicable  Oils 

There  are  two  very  important  specifications  for  synthetic  lubricants: 
these  are  the  American  MIL-L-7808  and  the  English  DERD-2487  specifications. 

Not  only  the  physicochemical  oil  specifications,  but  also  the  methods  to  be 
employed  for  laboratory  and  operational  tests  (the  evaluation  of  anti-wear 
properties,  etc.)  are  included  in  the  specifications. 

Two  groups  of  oils  were  developed  in  conformity  with  the  minimum  TRD 
starting  temperature  in  the  USA  of  -54°C  ar.d  of  -40“C  in  England:  the 
so-called  "light  oils"  in  the  USA,  having  a  viscosity  at  18.9 °r  of  3-4  cs  ard 
13,000  cs  at  -54°C  (MIL-t-7808)  and  the  "heavy  oils"  in  England  having  a 
viscosity  at  98-9°C  of  7.5  cs  and  13,000  rs  at  -40*0  (DERD~?48?) . 

Since  the  English  oil  with  a  viscosity  of  7.5  cs  at  98. 9° C  is  also 
Intended  for  use  in  TVD's,  the  DERD-2487  specification  provides  for  high 
requirements  for  the  lubricating  and  load-carrving  caparitie*  of  the  'i  1  and 
for  properties  to  prevent  bearing  fatigue  destruction  [92].  All  of  these  oil 
properties  are  evaluated  on  the  IAE  special  test  stand,  in  connection  with 
which  the  oil  must  provide  for  test  stand  operation  at  loadc  not  less  than 
those  Imposed  on  a  special  standard  petroleum  oil.  The  load-carrying  capacity 
of  the  oils,  in  accordance  with  the  MIL-L-7800  specification,  with  a 
viscosity  of  3.5  cs  at  98.9°C  must  be  not  less  than  68Z  of  the  load-carrying 
capacity  of  the  standard  oil. 

The  lubricating  capacity  of  the  oils  used  at  the  presenc  time  falls  at 
the  limit  of  the  requirements  for  this  specification. 

A  great  deal  of  difficulty  is  encountered  in  using  oil  with  a  viscosity 
of  7.5  cs  at  98.9*C  in  TRD's. 


Since  English  oils  of  the  DERD-2487  specification,  in  addition  to  a 
dies  ter  base,  contain  thickeners  of  the  polymethylmethacrylate  or  polyester 
type,  then  a  determination  of  viscosity  stability  is  required:  for  oils  white 
comply  with  ths  MlL-l-7808  specification,  the  mechanical  destruction  indicator 
is  not  required,  since  since  they  contain  no  thickeners. 
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Fhe  un  of  English  and  American  aircraft  by  many  International  aviation 
lines  has  made  it  necessar /  to  use  oils  of  different  specifications,  which  has 
created  a  number  of  technical  difficulties.  Therefore  the  demand  arose  for  a 
single  universal  oil  for  all  TRD's.  With  this  purpose  the  MIL-L-25336 
specification  was  developed  which  combined  the  requirements  of  the  English  and 
American  air  forces.  In  practice,  it  differs  from  the  MIL-L-7008  specifica¬ 
tion  only  by  an  increase  in  oil  load-carrying  capacity  [106].  In  conformity 
with  the  MIL-L-25336  specification,  the  maximum  operational  capacity  of  the 
oil,  determined  on  a  Rider  device,  is  504  kg/cm  in  comparison  with  306  kg/cm 
for  the  MIL-L-7808  specification. 

However,  the  attainment  of  such  an  oil  load-carrying  capacity  proved  to 
very  ditflcult,  since  isually  the  additives  which  increase  this  indicator 
(anti-wear  properties!  impart  to  the  oils  increased  corrosive  properties  or 
cause  their  thermal  oxidation  stability  to  deteriorate. 

Thus,  jf  ti  oils  presented  for  tests  in  1958,  only  five  gave  satisfactory 
results,  in  tne  final  analysis  an  oil  was  accepted  with  a  viacosity  of 
3  .:s  -it  un.o'c  which  satisfied  the  requirements  or  the  MIL-L-25336  specifica¬ 
tion  for  high-temperature  and  anti-galling  properties. 

By  1938,  14  types  of  MIL-L-7808  specification  oils  had  been  produced,  and 
by  1960  there  were  already  32  types  [102].  The  requirements  of  the  MIL-L-7808 
specification  were  changed  —  six  versions  were  developed  (A,  B,  C,  D,  E  and 
F) .  The  D  version  was  described  in  literature  in  1959,  the  E  version  in  1963, 
and  the  F  version  in  1965  [103].  At  the  present  time  oils  which  are  manu¬ 
factured  in  accordance  with  different  verlons  of  the  MIL-L-7808  specification 
are  widely  employed.  The  requirements  of  the  MIL-L-7808  specification,  which 
r  .moine  a  large  group  of  oils,  are  shown  In  Table  79  1110-113]  and  are 
examined  bel.iv 

Data  concerning  the  employment  abroad  of  synthetic  oils,  cot  responding  to 
the  meat  widely  distributed  specifications,  are  shown  in  Table  80  [98]. 
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Requirements  of  the  MIL-L-7808  Specification 


i _ Index 

Indicator  I  l  i 


Kinematic  viscosity^ 
at  98.9°C  minimum  . 

at  37 • 8°Cmlnlmum  . . 


at  -54  C,  maximum . 13000 

Temperature  °C 

flash  point  In  closed  vessel,  min  196 

pour  point,  .maximum .  -59 

Acid  No., me  KOH/g  . 

Load-carrying  capacity  on  Rider 

device,  kg/cm,  minimum*  .  306 

Quantity  of  deposits  during  cokabll 

lty  test(315°C),  mg,  maximum  .  IOC 

Corrosion  tests  on  metal  plates, 
mg/cm 

at  232  C  for  50  hr  . 

coppe;  plate,  maximum  .  n . 47 

silver  plate,  "  0.*7 

at  163  C,  for  1  hr 

lead  plate,  maximum  . . . 

Oxidation-corrosion  tests  at  175°  0 
for  72  hr;  air  delivery  5  1/hr 
Change  of  mass  of  the  plates, 
mg/cnr 

copper  plate  .  +0.4 

plates  of  silver,  steel,  mag¬ 
nesium  alloy,  aluminum  alloy  +0.2 

viscosity  change  at  37.8°C,  8  from  - 

to  15 

acid  no.  Increase,  mg  KOH/g,  max  2.0 
Swelling  of  type  H  grade  A  rubber 
after  duration  of  178  hr  at  70  C  8 
viscosity  stability  after  hold 
ing  at  -54°C 

viscosity  inciense  after  3  hr 
.  8,  maximum 

I  viscosity,  cs 

I  after  3  hr  maximum  . 

I  after  72  hr  "  . 


13000 


+0.2 
from  -5 
to  15 
2 . 0 

max  12 


13000 

17000 

passes 


+0.2 
?rom  -5 
to  15 
2.0 

from  12 


1300C 

17000 

passes 


3  3000 

17noo 


Yaporlzabllity  at  204  C  for  6.5  hr 

8  maximum  . .  -  2C  35  35 

Precipitation  formation  (sludgind) 

f  maximum  .  -  ~  5.0  3- 

Stability  during  storage-  mass  loss 

of  lead  plates ,  mg/cnr  . 

after  14  hr  maximum  .  -  -  3.8  4. 

after  4|[  nr  maximum  .  -  -  233  150 

100  hr  engine  test  by  MIL-E-5009 

specification  -  passes  passes  passes 

•According  to  other  data  the  load-carrying  capacity  of  oils  in 
compliance  with  the  MIL-L-7808  specification  must  be  no+  less  than 
688  of  the  standard  oil. 


Table  80.  Use  of  Synthetic  Lubricants  in  TRD'a  Abroad 


Oils  of 
Shell 

Specifications 

firm 

USA 

Turboil-300 

- 

4IL-L-7808E 

Turloll-750 

0ERD-2M87 

- 

Designation 

not 

established 

DERD-2&97 

MIL-L-9236B 

Engine 


Continental  217;  Oeneral  Electric 
CJ-805;  Lycoming  T-53;  Pratt  and 
(Whitney  J-75  and  J-T3D;  Rolls  Royce 
'Dart 

Allison  501,  Blackbern;  Bristol 
Siddley;  Hasvilland  Neplr;  Rolls 
Royce  Dart  % 


engine  of  the  near  future 


It  is  apparent  from  the  data  in  Table  79  that  the  main  differences  in  the 
MIL-L-7808E  specification  frcm  the  preceding  versions  are  the  following: 

an  overall  acid  number  indicator  for  fresh  oil  has  been  introduced,  which 
must  not  exceed  0.3  mg  KCH/g  of  oil; 

the  oil  is  evaluated  on  the  Rider  device  at  a  sustained  load  in  kg/cm  on 
the  width  of  the  tooth  (not  less  than  300  kg/cm)  at  an  increased  temperature. 

In  addition,  the  following  changes  have  been  made  in  ti  <s  MIL-L-7808E 
specification: 

a  compatibility  indicator  has  been  introduced  for  oils  corresponding  to 
the  MIL-L-7808,  MIL-L-25336 ,  MIL-L-9236  and  MIL-L-6081  specifications.  When 
mixed  with  the  Indicated  oils,  the  MIL-L-7808E  specification  oil  must  not 
cause  clouding,  and  deposits  may  not  be  greater  than  0.005  mi/200  m<  of  oil 
(the  deposits  are  determined  by  centrifuging  in  accordance  with  the  method 
3104  of  the  Federal  Standard  791,  but  with  no  dilution  by  a  solvent!; 

storage  stability  (lead  corrosion)  is  determined  after  2  and  7  days 
Instead  of  14  and  45  days; 

an  evaluation  is  made  during  the  conduct  of  oxidation-corrosion  tests  of 
the  surface  of  plates  under  a  microscope  with  a  magnification  of  20  times; 
here  there  must  be  no  pitting  or  visible  corrosion  or  blackening; 

the  results  of  100-hr  motor  tests  are  evaluated  according  to  the  feiiawiag 
following  values:  the  motor  indicator  must  not  be  more  than  2.83;  the 
Increase  in  filter  weight  must  not  be  more  than  9  g/hr;  oil  consumption  muse 
not  exceed  570  g/hr; 

an  ASTM  [American  Standard  Test  Method)  color  indicator  has  been  intro¬ 
duced  (maximum  3) ; 

in  place  of  the  panel  carbon  formation  indicator  at  SIS'C,  a  precipita¬ 
tion  formation  indicator  In  Z  (sludge  formation)  has  been  introduced. 

Snecial  method#  for  evaluating  the  operating  properties  of  oils  specified 
in  the  MlL-l-7808  specification  are  described  briefly  below. 

Methods  of  Evaluating  Quality 

Load-carrying  capacity.  This  Is  determined  on  a  Rider  gear  machine  with 
gear  rotation  at  a  rate  of  10,000  rpm,  for  a  period  of  10  min  at  each  load, 
with  a  gear  input  oil  temperature  of  74*C.  The  gears  must  withstand  a  load  of 
not  less  than  306  kg/cm;  here  the  scored  area  on  the  operating  surfaces  of  the 
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teeth  must  not  exceed  22. SZ.  During  acceptance  tests  eight  determinations  are 
made;  the  average  value  muse  be  not  less  than  6SZ  of  the  load  sustained  by  the 
standard  oil.  It  Is  assumed  that  if  the  oil  withstands  the  load  on  the  Rider 
device,  then  it  will  operate  successfully  in  engines. 

Tendency  towatd  the  deposit  of  residues.  This  indicator  1b  determined  by 
th?  "coke  formation  on  a  panel"  method  by  means  of  spraying  oil  from  a  shaft 
equipped  with  a  toothed  rack  on  a  panel  which  has  a  temperature  of  315*C  for 
an  8-hr  period.  The  quantity  of  coke  must  not  exceed  80  mg.  The  results 
obtained  with  this  method  agree  poorly  with  the  motor  tests  [110];  therefore, 
a  combined  test  method  is  most  promising  —  a  combination  of  testing  for 
cokabillty  on  a  panel  at  315*C  with  a  test  for  sludge  formation  according  to 
the  Wright  Brothers  Research  Center  method.  According  to  this  method  24  £  of 
oil  are  pumped  through  a  gear  box  for  25  hr  and  through  a  filter  with  an 
aperture  of  100  .  and  a  rubber  hose  of  Buna  N  rubber  at  a  rate  of  2-3  g/min. 

The  results  of  these  tests  (the  filter  is  weighed  before  and  after 
pumping)  are  combined  and  the  number  of  deposits  Is  determined  in  g,  which 
characterizes  cokabillty  at  315*C  on  the  panel  and  sludge  formation  on  the 
WADC  test  stand.  This  method  was  included  In  Che  MII-L-780RB  and  E 
specifications  instead  of  the  method  of  determining  cokabillty. 

Corrosive  properties.  These  are  determined  by  means  of  conducting  three 
laboratory  tests  of  the  oil  at  various  temperatures  both  with  and  without  air 
delivery: 

1)  lead  plates  are  maintained  In  the  oil  at  163*C  for  a  period  of  1  hr; 

2)  places  of  five  metals  (copper,  magnesium.  Iron,  aluminum  and  silver) 
are  maintained  In  oil  for  72  hr  at  175aC  in  an  air  current  (this  test  is 
included  In  the  oxidation- corrosion  method); 

3)  copper  and  silver  plates  are  submerged  in  oil  for  50  hr  «c  232*C. 

Under  the  conditions  Indicated,  the  oil  must  not  cause  corrosion  of  the 
metals,  and  its  physicochemical  properties  must  undergo  no  changes. 

Storage  stability.  According  tc  a  stringent  method  of  determining  oil 
stability  during  storage  [92],  specimens  of  the  oil  being  tested  (3.0  £  each) 
are  held  in  cans  in  a  thermostat  at  85*C  with  lead  plates;  the  eorroslv: 
properties  of  the  stored  oil  samples  are  determined  after  each  7  days  of 
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storage.  Corrosion  on  the  lead  plates  must  not  exceed  3.8  mg/cm  after 
2 

14  days,  or  23.3  mg/cm  after  45  days  of  storage.  The  results  obtained  by 
this  method  agree  very  well  with  the  results  of  changes  in  oil  during  storage 
under  depot  condi:. ions. 

Volatility  or  vaporlzabillty.  This  indicator  is  determined  Indirectly  by 
the  flash  point  (which  must  be  not  less  than  204°C)  and  directly  by  means  of 
vaporizing  and  oil  specimen  for  a  period  of  6.5  hr  at  204°C  in  a  special  test 
tube.  Oils  in  which  vaporization  does  not  exceed  352  by  weight  are  considered 
to  be  acceptable. 

Viscosity  stability.  The  oil  is  maintained  for  three  hours  at  -54°C, 
after  which  viscosity  is  determined  at  -54*C.  The  results  of  rwo  determin¬ 
ations  after  three  hours  holding  time  must  not  differ  by  mor-*  than  6'.’  from  the 
initial  viscosity  value  and  in  both  cases  must  not  exceed  13,000  cs.  The 
viscosity  of  the  specimen  after  a  holding  time  of  72  hr  at  -54°C  most  not 
exceed  17,000  cs. 

Foaaability.  Air  is  passed  through  oil  at  24,  93  and  24° C  for  a  period 
of  5  min.  Foam  volume  must  be  not  more  than  100,  25  and  100  m  ,  respectively, 
and  the  time  required  for  foam  disintegration,  5,  3  and  5  min,  respectively. 

Engine  test.  In  addition  to  laboratory  tests  in  accordance  with  the 
MIL-L-7808  specification,  100-hr  operational  capability  engine  tests  are 
required  (the  MIL-E-5009  specification). 

Oil  specimens  are  tested  in  J-57-19  and  J-57-29  engines.  The  temperature 
of  the  oil  is  maintained  at  a  level  of  149°C  t  3°C;  the  test  consists  of 
20  cycles,  each  of  which  is  5  hr  in  duration,  under  conditions  stipulated  in  a 
special  chart  (variable  loads,  stops,  boost,  etc.).  Before  each  cycle  a 
clean,  weighed  filter  is  Installed,  and  after  each  5-hr  period  the  change  in 

its  weight  and  the  oil  conswption  are  determined. 

/ 

The  performance  number  of  the  oil  is  determined  in  accordance  with  the 

special  scale  shown  below,  by  comparing  the  condition  of  various  parts  and  the 

» 

most  characteristic  friction  points  of  the  engine  with  their  condition  after 
operation  with  a  standard  oil: 


Performance  number 


4 

3 

2 

1 

0 


Condition  of  engine  parts  after  oper¬ 
ation  with  the  oil  tested  in  ;ompar- 
iaon  with  operation  with  a 
standard  oil 
considerably  better 
somewhat  better 
identical 
soiievhar  worse 
considerably  worse 


A  list  of  standards  for  test  methods,  Included  in  the  MIL-L-7M8 
specification,  is  shown  in  Appendix  2. 


Specifications  for  Prospective  Oils 

Ihe  M1L-L-9236  specification  was  published  In  the  USA  in  1952  for 
synthetic  high-temperature  lubricants  for  TRD's  of  the  near  future  [92]. 

These  oils  are  characterized  by  high  antioxldatlon  and  antl-wenr  properties. 

Basic  factors  in  the  evaluation  of  the  quality  of  the  high-temperature 
oils  during  special  tests  are  the  temperature  of  the  oil  being  tested  in  the 
tank  and  the  bearing  temperature  where  the  oil  is  being  tested.  At  first,  the 
M1L-L-9236  specification  provided  for  100-hr  bench  tests  of  the  oil  at  a  tank 
temperature  of  260*C  and  at  a  bearing  temperature  of  400*C.  Since  not  one  of 
the  oils  developed  past  these  conditions,  in  1956  this  specification  was 
replaced  by  the  MIL-L-9236A  specification,  in  which  the  oil  temperature  in  the 
tank  was  reduced  to  204*C  and  the  bearing  temperature  was  not  limited. 

Since  the  oils  did  not  pass  these  specifications  as  wall,  the  temporary 
MIL-l-25968  specification  was  Introduced  in  the  USA  with  requirements  that 
were  reduced  even  further. 


Oils  were  successfully  obtained  in  1959  which  were  similar  in  quality  to 
the  MIL-L-9236A  specification,  aince  tha  specification  had  baen  accepted  in  a 
somewhat  changed  form.  A  later  version  was  published  [92]  in  1960  —  tha 
MIL-L-9236B  (Table  61)  specif icat ion ,  in  agreement  with  which  the  oil  was 
required  to  have  good  low-temperature  properties,  relatively  low  viscosity, 
satisfactory  charactarlstica  during  angina  taata  and  satisfactory  character¬ 
istics  on  tha  EDCO  bearing  test  stand.  Teats  on  this  stand  were  conducted  et 
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a  tank  oil  temperature  et  the  input  of  204°C  e-vi  with  u  stable  bearing 
temperature  below  260°C. 

Table  81.  Basic  Properties  of  High-Temperature  Synthetic  Oils  According 
_ to  Specifications  of  the  USA _ 


Indicators _ j _ _ _ Specifications 


m.-L-Q236 

MIL-L- 

9286A 

MIL-L- 

°236B 

r-’iL-L- 

127502 

kinematic  vis¬ 
cosity,  cs 
at  204°C, 

3.0 

! 

1.0 

1 .2 

minimum 
at  98.9°C, 
minimum 

10.0 

1 

Optional 

5.6 

at  37.8°C,  . 

minimum 

3.5  1 

ff 

at  -40°C,  ; 

maximum 

1 

!  ^  t 

-i 

at  -54” C,  ) 

maximum 

1  30r'0 

;  .  | 

1 

■ 

viscosity  stabil-  j 
ity  after 
holding 
-S4*C:  viscos¬ 
ity  Increase 
after  3  hr,  Z, 
maximum  I 

i  1 

i  ! 

1  1 

1 

t 

i  “ 

1 

1 

temperature,  "C 
flash  point, 
minimum  i 

!  288 

i 

;  260 

v  • 

r 

pour  point , 
maximum 

-59 

I 

(optional 

!  i 

1  5  i 

i  -59 

-H5 

-5* 

foamabllity  test 
vaporizability, 

Z,  maximum 

5 

' 

i 

j  15 

Pas.-e- 

10 

1 

swelling  of 
rubber,  Z 

__ 

1  - 

:i?-35 

12-3- 

’•  '''-3r 

load-carrying 
capacity  on  a 
Rider  device 
with  respect  to 
standard  oil, 

Z,  minimum 

i 

1 

l 

t 

\ 

j 

1 

‘  -r 

iZ'' 

1 

1 

1 

!  mi u* 

thermal  oxidation 
stability  test 
on  bearing  test 
stand 

Passer 

1 

i 

!  Passer 

Passe:: 

i 

i 

! 

compatibility 
test  with  other 
cxla 

If 

i  Pac  ses 

II 

II 

Passes 

UO-hr  engine  test 

1 

»♦ 

_ 

*  In  kg/ca. 
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Table  82.  Basic  Requirements  of  English  DERD-2487  Specification  (Third 
Version)  and  DERD-2497  Specification  for  Synthetic  Oils 


Indicators 

DERD-2^87 

DERD~2l»97 

Kinematic  v) coslty ,cs 

at  PO^C,  minimum  . 

- 

2.0 

7.5 

8.5 

at  3’- 8 °C,  "  . 

a *' -uc°c,  ”  . * . 

39 

13000 

13000 

Vljcorlt.v  stability  efter  holding  at  -5*1  C;  max 

Optional 

viscosity  Increase  after  12  hr,  >  . 

5 

Temperature,  C 

flash  point,  minimum  . 

216 

260 

-50 

385 

passes 

.elf-lgnltic:.,  minimum  .  . 

passes 

Indicated  at  200  c 

Load-carrying  capacity*  on  IAE  friction  machine 
a*-  2.) on  and  60 00  rpm  . 

i 

no  less  than  standard 

Swelilnv  or  rut  i  er  at  70°C  during  16S  hr.S  Q 

oil_ 

15-25 

'"homal  rtaVlllty*  viscosity  change  at  37.6  C,< 

(from  -10  tofrora  -10  to 

20 

25 

i.  xldntion-cc  -rosion  tests* 

weight  cha  ^  of  plates,  g/cm‘ ,  of  copper. 

1 

silver,  steel,  cadmium-plated  steel,  magnesium 

allov,  aluminum  alloy,  silver-plated  steel, 

+0.2 

+0 . 2 

viscosity  change  at  37-8  C,  *  . 

+5 

from  -5  to 
10 

acid  no.  Increase,  mg  KOH/g  maximum  . 

0.5 

2.0 

passes 

“ 

Mechanical  stability  (shearing  stability)  - 
viscosity  change  at  37.8  C,  %,  maximum . ..^ 

i5 

Optional 

Mnlformltv  test  at  temperatures  from  -51*  to  2S0 

C  passes 

Compatibility  test  with  other  oils  at  temperatures 
from  -5h  to  . |  passes 

- 

«  - 

passes 

•  In  accordance  with  the  DEHD-2i)97  specification,  the  test  conditions 
are  more  stringent.  . ~ee  p.  201) 
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The  load-carrying  capacity  of  the  oil  as  measured  on  the  Rider  machine  at 
204*C,  according  to  the  MIL-L-9236B  specification,  must  be  not  less  than  56% 
of  the  load-carrying  capacity  of  the  standard  oil.  At  this  same  temperature, 
toothed  gears  must  withstand  a  deformation  fatigue  test.  The  oil  must  also 
pass  tests  on  the  Wright  Brothers  Research  Center  bearing  test  stand  (50  hr, 
tank  oil  temperature  218®C,  and  bearing  temperature  of  260*C). 

The  Engllah  DERD-2497  specification  for  high-temperature  oil  s  of  the  near 
future  was  published  for  the  first  time  in  1959.  The  physicochemical  property 
requirements  for  oils  in  accordance  with  this  specification  are  similar  to  the 
requirements  outlined  In  the  DEKD-2487  specification;  however,  the  DERD-2497 
specification  provides  for  enhanced  thermal  and  thermal  oxidation  stability  of 
the  oils  (Table  82),  and  also  for  enhanced  antl-we.ir  properties  [92]. 

During  tests  of  the  anti-wear  properties  of  tne&e  oils  on  the  IAF  test 
stand  whe„  the  load-carrying  capacity  of  the  oil  tested  is  equal  to  100%  of 
the  load-carrying  capacity  of  the  standard  oil,  it  may  be  equated  to  a  load  of 
540  kg/cm  on  the  Rider  device,  which  permits  comparing  the  results  of  the  oil 
tests  on  these  two  test  stands. 

The  special  methods  for  evaluating  the  qualities  of  high-temperature  oils 
for  TED's,  specified  in  the  M1L-L-27502,  MIL-L-9236B  and  DERD-2497  specifica¬ 
tions,  are  briefly  described  below. 

Methods  of  Quality  Evaluation  According  to  U.S.  Specifications 

Viscosity  stability.  Oil  viscosity  after  a  holding  time  of  3  hr  at 
~54*C  must  not  exceed  21,000  cs  according  to  the  MIL-L-9236B  specification  and 
13,000  cs  according  to  the  M1L-L-27502  specification;  after  a  holding  time  of 
72  hr,  the  figures  are  24,000  and  17,000  cs,  respectively. 

Rubber  swelling.  According  to  the  MIL-L-9236B  specification,  rubber  is 
maintained  in  the  oil  for  a  period  of  72  hr  at  204. 4*C,  and  in  accordance  with 
the  MIL-I.-27502  specification,  for  72  hr  at  260*C,  and  for  168  hr  at  7C*C  in 
accordance  with  the  MIL-L-23699  specification. 

Vaporixablllty.  Vaporlzablllty  in  accordance  with  the  MIL-L-9236B 
specification  Is  determined  as  usual  at  204. 4*C,  and  in  accordance  with  the 
HIL-L-27502  specification,  under  more  stringent  conditions  —  at  260*C. 
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tearing  stability  tests.  MIL-L-9236B  specification  oils  withstand  teats 
at  an  oil  temperature  of  2)4*C  and  a  bearing  temperature  of  274*C;  the 
duration  of  the  test  Is  50  hi'  MIL-L-27502  specification  oils  are  tested  for 
a  period  of  100  hr  at  an  oil  temperature  of  274*C  and  a  bearing  temperature  of 
329°C. 

Load-carrying  capacity.  Tests  for  load-carrylr.g  capacity  of  oils  on  the 
Rider  device  for  MIL-L-9236B  specification  oils  are  conducted  at  an  oil 
temperature  of  204*C  In  stead  of  74*C. 

Quality  Evaluation  Methods  According  to  English  Specifications 

The  foamablllty.  Foaoabillty  la  determined  at  three  temperatures,  just 
as  in  the  MIL-L-7808  specification,  and  foam  volume  uust  not  exceed  100,  25 
and  100  mi ,  respectively,  and  the  period  of  existence  of  the  foam  must  not 
exceed  5,  3  and  5  aln,  respectively.  There  la  an  Indication  'e2]  that  at  the 
present  time  hlgh-viscoslty  DERD-2487  and  DERD-2497  specification  oils  wil* 
nor  be  limited  insofar  as  foamablllty  is  concerned. 

Load-carrying  capacity.  This  Indicator  on  the  IAE  test  stand  for 
DERD-2487  specification  oils  Is  determined  at  Identical  temperatures  for  the 
standard  and  tested  oils,  equal  to  110*C,  ari  in  accordance  with  the  DERD-2497 
specification,  at  a  standard  oil  temperature  of  110*0,  and  a  test  oil  temper¬ 
ature  of  200° C  (Increased  requirements). 

Thermal  stability.  The  'll  is  heated  In  a  nitrogen  atmosphere,  and  the 
process  of  heating  consists  of  four  cycles  of  6  hr  each.  The  temperature  Is 
raised  to  280*C  according  to  the  DERD-2487  specification  and  325*C  according 
to  the  DERD-2497  specification.  After  heating,  the  viscosity  Is  determined  at 
37.8*C. 

Oxidation-corrosion  tests.  The  oil  Is  oxidised  by  means  of  a  current  of 
air  at  a  rate  of  12  E/hr  according  to  the  DERD-2487  specification  for  a  period 
of  22  hr  at  140*C  and  for  a  period  of  24  hr  at  260*C  In  accordance  with  the 
DERD-2497  specification. 

Mechanical  destruction  stability.  The  criterion  for  evaluating  the 
tendency  toward  mechanical  destruction  Is  the  viscosity  change  (In  Z)  at 
37.8’C  after  oil  destruction  by  means  of  a  250-cycle  passage  of  the  oil 
through  the  jet  oi  a  dleael  injector  at  a  pressure  of  145.7  kg/cm2  and  a 
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temperature  of  100*C.  The  oil  la  subjected  on  the  test  stand  to  the  pump  and 

injector  for  a  period  of  168  hr.  The  viscosity  at  98.9‘C  must  not  change  bv 
more  than  21. 

Load  test.  According  to  the  DERD-2497  specification,,  the  oil  is 
required  to  operate  satisfactorily  in  in  a  loaded  high-speed  bearing  with  an 
outer  race  temperature  of  325«C  and  an  oil  input  temperature  to  the  bearing  of 
not  less  than  2008C. 

Several  companies  which  produce  TED ' j  in  the  USA  and  England  have  their 
own  specifications  for  lubricants  for  these  engines.  Among  these  specifica¬ 
tions,  for  example,  are  Alliaon  EMS-359,  Pratt  and  Whitney  PWA-521A  and 
several  others. 

These  rpecifications  do  not  differ  fundamentally  from  those  examined 
above  and  are.  In  essence,  the  companies'  modifications  which  take  into 
consideration  requirements  for  oil  quality  with  respect  to  design  peculiar¬ 
ities  of  the  TRD’s  of  a  given  firm.  Specifications  of  the  firms  include 
original  methods  of  datemining  the  physicochemical  properties  of  oils, 
especially  antloxldatijn  and  anti-wear  properties* 

The  greatest  differences  are  observed  under  conditions  involving  labor¬ 
atory  tests  of  oxidation-corrosion  oil  tests  (Appendices  3  and  4). 
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Footnotes 

To  p.  174.  Recently  the  employment  of  petroleum  oils  In  England  has  been 
limited. 

To  p.  175.  Turboll-5. 
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THE  BASIC  DIRECTIONS  IN  THE  DEVELOPMENT  OF  FOREIGN  SYNTHETIC  OILS  FOR 

TURBOJET  ENGINES 

It  has  already  been  noted  that  synthetic  oils  abroad  are  based  on 
products  which  are  among  the  most  diverse  classes  of  organic  compounds.  Thus, 
known  TRD  oils  are  based  on  dibasic  aci  i  esters,  polyglycol  estcirs,  neopentyl 
alcohol  esters,  polyphenyl  esters,  etc.  As  components  for  TRD  oils,  ortho- 
silicate  add  esters,  tetraalkylsilanes,  ce > rasubstl tuted  r.arbamldes ,  several 
heterocyclic  compounds,  etc.,  have  been  used.  The  preparation,  overall 
properties  and  possible  regions  of  application  of  the  organic  compounds 
indicated  hove  been  described  in  literature  [52]. 

A  short  survey  is  given  below  of  the  most  interesting  research  in  the 
area  of  the  development  of  foreign  synthetic  TRD  oils  during  recent  years, 
compiled  on  the  basis  of  the  material  in  American  and  English  patents, 
published  in  the  last  5-6  years. 

Oil*  of  the  First  and  Second  Group 

Methods  of  preparation,  formulation  and  the  properties  of  oils  of  these 
two  groups  have  much  in  common;  therefore,  these  two  groups  will  be  examined 
together. 

The  following  synthetic  TRD  lubricants  have  been  developed: 

a  mixture  of  methyl-2-ethylhexyl  dlesters  of  polyglycols,  supplemented  by 
additives  phenylnephthylamine,  a  mixture  of  alkylamino  acid,  alkylphosphate 
with  alky ldihydrophoephate ,  trlcresylphosphate,  qulnizarln,  and  a  dlmethyl- 
slloxane  polymer  [114]; 

oil  produced  by  naans  of  Introducing  into  a  dlester  of  dicarboxylic  acid 
(C^-Cg)  tricresyl  phosphate,  phenthlaxlne  and  dlalkyl  selenide  and  which 
comply  with  the  majority  of  the  requirements  of  the  MIL-L-7808A  specifica¬ 
tion  [115]; 
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oils  have  been  obtained  from  a  diester  baae  end  with  additives  of  two 
types:  antloxldatlon  (phenthlazlne  or  dialkylaalenida)  and  anticorrosion 
types  (azlmlno-benzana  or  benzimidazole  or  pyrazole,  etc.)  [116]; 

oils  with  Improved  thenu:!  oxidation  stability  and  good  vlacoslty- 
tenperature  characteristics,  consisting  of  di-2-athylhaxyl  sebacate,  In  which 
a  polymer  of  an  azelaic  acid  polyester  and  propanediol  have  been  introduced  In 
order  to  Improve  the  viscosity  Index.  A  diphenyl  ester  aay  be  used  at  the 
synthetic  base  within  the  composition  Indicated.  According  to  tests  for 
thermal  oxidation  stability  in  accordance  with  the  JERD-2487  specification,* 
the  viscosity  of  the  oil  after  24  hr  was  reduced  by  3X  in  all,  whereas  without 
the  polyester  polymer  additive  the  viscosity  was  reduced  by  22-50Z.  The  oil 
also  contains  the  antloxldatlon  additive  phenthlazlne  [117]; 

a  stable  lubricant  of  pentaerythrltol  etraester  with  trimethyl  acatlc 
acid.  The  oil  contalna  diphanylaalne  and  phenthlazlne  [118]; 

oil  based  on  a  polyester  (one  of  several  triaethylpropane  estera  with 
mono-  or  poly carboxy lit  acids),  to  which  are  added  dlphenylamlne  or  Its  alkyl 
(or  aryl)  substltutea  (119].  The  oil  la  Intended  for  hlgh-temperature  TRD's; 

a  diester  nil  which  satisfies  the  requirements  of  the  NlL-L-7d08C 
specification,  obtained  by  esterification  of  pelargonlc  acid  by  highly 
hranche.l  aliphatic  or  cyclic  diatomic  alcohols  [120]; 

oil  ;  m  one  or  several  trine  thy  lpropanc  polyestera  with  diatomic 
alcohols  or  their  blends.  The  oil  contains  alkylphenthlazlne  and  the  number 
of  carbon  atoms  in  the  alkyl  group  Is  not  more  than  15  [121]; 

oil  consisting  of  a  blend  of  dlcarboxylic  acid  eatera  and  polyalkylene 
glycol  estera  (dual-component)  [12X]; 

oil  on  a  dleatar  baae.  In  which  tltanlum-contalnlng  additives  (to  Improve 
the  load-csrrylng  capacltv)  and  nitrogen-substituted  psrs-smlnophenol  have 
been  Introduced  [123]; 

oil  on  a  dleatar  baaa,  containing  phenthlazlne  and  amlnopyrldlne  In 
varloua  quantities,  which  in  this  ratio  possesses  a  aynarglatlc  affact.  The 
oil  la  capable  of  operation  up  to  205~210*C  [124]; 

oil  on  the  baala  of  ditatera  with  an  lap roved  load-carrying  capacity  as  a 
result  of  tha  Introduction  of  an  additive  containing  silicon  [125],  or  a 
substituted  hydroxyethans  halogen  [126]; 

oil  from  a  pentaerythrltol  eater  (or  from  aooe  other  polyatomic  alcohol) 
with  a  monobasic  acid,  containing  not  more  than  five  carbon  atoms  in  a  chain. 
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Two  -mtloxidation  additives  are  Introduced  into  the  base:  substituted  a-  or 
8-phenyl  amine  and  substituted  phenthiazine.  The  oil  is  stable  to  220*C 
[1271; 

oil  on  the  basis  of  a  diester  of  dlcarboxylic  acids  and  a  polyester  which 
acts  as  a  chickening  component  [128]; 

oil  from  an  ester  base  (a  mixture  of  dlester  oil  and  complex  essential 
oil,  obtained  by  the  reaction  of  monoatomic  or  diatomic  alcohol  with  a  dibasic 
acid);  two  antioxidation  additives  of  the  dephenylamine  type  are  used,  or  one 
additive  of  the  dephenylamine  type  in  the  other  of  the  naphthylamine  type. 

The  oil  is  resistant  to  the  effects  of  high  temperatures  [129]; 

oil  based  on  a  dlester,  into  which  three  antioxidation  additives  are 
Introduced  1)  phenthiazine  or  its  derivatives;  2)  a  chlorinated  phenol 
compound  C^-C^g,  for  example,  chlorophenol ;  3)  an  aliphatic  amine  VSo  or  a 
heterocyclic  amide.  The  oil  is  resistant  to  the  effects  cf  high  temper¬ 
atures  (oxidation  for  a  period  of  43  hr  at  175°C)  [130]; 

oil  on  the  basis  of  a  pentaerythritol  ester  and  a  monobasic  acid  supple¬ 
mented  with  two  synergistically  effective  antioxidation  additives 
(N-phenyl-l-naphthylamine  and  a  blend  of  dipyridine  amine,  aminoquimu ine  and 
amlnopyrldine) ,  which  increase  the  induction  period  of  oil  oxidation  from 
5  to  305  min  [131]; 

oil  on  a  dlester  basis,  to  which  are  added  products  which  form  as  a 
result  of  compound  reactions,  one  of  which  contains  a  quinone  group  (benzo- 
quinonel ,  and  the  other  is  a  thio-  or  dithiophosphoric  or  dithiophosphinic 
acid.  Upon  the  addition  of  32  of  this  component  to  the  oil,  bearing  wear  is 
reduced  by  ten  times,  and  the  increase  in  .’iscosity  (which  occurs  as  a  result 
of  oxidation)  is  reduced  from  58  to  262  [132]. 

The  thermal  oxidation  stability  of  synthetic  oil  is  improved  by  the 
introduction  of  alkyl  derivatives  of  phosphoric  acid  [133],  of  a  barium  salt 
of  a  nitrogen-containing  amide  (Cg-C^)  hvdroxy  acids  [134],  and  by  the  intro¬ 
duction  of  various  substituted  amines,  diamines,  phosphines,  phenthiazine* , 
slllnes,  amlnopyrldlnes,  diphenyl  compounds,  etc.  [135-142]. 

It  is  epperent  from  foreign  patents  of  the  year  1965  which  pertain  to  the 
development  of  synthetic  oils  for  TRD's  that  investigators  are  devoting  most 
of  their  attention  to  obtaining  lubricants  which  are  oxidation-resistant  at 
high  temperatures.  This  tendency  is  being  followed  in  the  selection  of  oil 
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bases  and  In  the  complex  of  additives  which  supplement  these  oils.  Neopentyl 
esters  ere  widely  employed  as  basis  zot  oils  of  this  type,  since  diester  oils 
comply  with  the  requirements  of  supersonic  TRD's  Insofar  as  antloxldatlon 
properties  are  concerned  only  for  a  short  period  of  time. 

Oil  based  on  trlesters  of  trlmethylol  propane  satisfies  the  requirements 
of  the  MIL-L-9236  specification  for  high-temperature  gas  turbine  oils,  but 
some  of  the  indicators  (viscosity  at  260°C,  flash  point,  etc.)  do  not  agree 
with  the  requirements  of  the  English  DERD-2497  specification.  Therefore  an 
oil  was  proposed  based  on  a  complex  ester  obtained  by  the  reaction  in  specific 
ratios  of  trlmethylol  propane,  monobasic  and  dibasic  acids  (for  example, 
caprylic  and  sebaci:).  A  dual-component  antloxldatlon  additive  of  the  amine 
type  (143]  Is  Introduced  into  the  base. 

In  order  to  Increase  the  vlscoslt-  f  oil  based  on  a  dlester  of 
dlcarboxyllc  acid  and  monoatoraic  azcihol,  a  copolymer  (with  a  molecular  weight 
of  approximately  200,000)  is  Introduced,  cbta'ned  by  the  reaction  of  an 
unsaturated  nitrogen-containing  mrnomer  (for  example,  N-vinyl-pyrolidine)  with 
one  or  several  esters  of  acrylic  or  methacrylic  acids,  acids.  Components  of 
the  oil  are  polv-oxyalkylene  glycol,  a  complex  ester,  and  also  phenthlazlne  or 
alkylphenthl.szlne  (as  antloxldatlon  additives)  (144],  This  oil  fully  satis¬ 
fies  the  requirements  of  the  DERD-2487  specification. 

The  load-carrying  capacity  of  synthetic  oils  is  improved  by  the  intro¬ 
duction  as  an  additive  of  a  partial  ester  (monoester  or  dlester)  of  tricarb¬ 
oxylic  (for  examp’e,  tricarboxylic  propane)  acid  and  monoatoraic  alcohol  (145). 
Ulth  the  introduction  of  IX  of  this  additive  into  diisoctyl  sebacate  oil,  the 
load  sustained  by  rhe  oil  on  a  Rider  device  is  Increased  by  12Z. 

A  method  was  proposed  for  improving  the  thermal  stability  and  the 
stability  of  the  viscosity-temperature  properties  of  oil  prepared  on  the  base 
of  a  complex  aster  of  trlmethylol  propane  and  a  mono-  or  dibasic  acid.  The 
eater  Is  heated  to  250-300‘C  for  a  period  of  4  hr  in  an  atmosphere  of  Inert 
gas  and  tht  volatile  products  which  form  arc  boiled  off.  Phenthlazlne  or 
diphenyl  phenthlazlne  la  added  to  the  oil. 

After  testing  for  a  period  of  6  and  24  hr  (according  to  the  requirements 
of  the  HERD-2447  specification),  the  viscosity  at  98.9*C  for  thermally 
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processed  oil  was  changed  by  3  and  6%,  respectively;  for  a  fresh  complex 
ester,  the  viscosity  was  changed  by  25  and  29Z,  respectively  [146]. 

A  synthetic  lubricant  which  satisfies  the  requirements  of  the  DERD-2487 
specification  with  respect  to  thermal  stability  consists  of  a  blend  of 
dlesters  and  polyalkylene  compounds  (for  example,  polyalkylene  glycols),  to 
which  ere  added  up  to  1.5Z  thiophosphates  or  sulfon.-ited  products  of  their 
processing.  The  oil  contains  antioxidation  and  anticorrosion  additives  and  is 
thermally  stable  up  to  325®C  [147]. 

A  synthetic  lubricant  with  good  hlgh-temperature  properties  has  been 
developed  which  complies  with  the  requirements  of  the  MIL-L-7808C, 

MIL-L-25336A  and  KIL-L-9236A  specifications.  The  base  of  the  oil  is  a 
homogeneous  base  component  blend  (selected  in  a  specific  ratio)  which  ts  e 
neutral  polyester  obtained  by  the  reaction  of  a  saturated  monoatomAc  primary 
alcohol  and  carboxylic  acid,  s^d  a  polymerized  ester  (molecular  w*:  l.^ht 
100,000)  cf  acrylic  or  methacrylic  add  with  monoatomic  saturated  ilcohol.  An 
antioxidant  (alkylphenthlazlne  or  alkylphenylauiine)  and  a  copper  corrosion 
inhibitor  [148]. 

An  oil  has  been  proposed  which  Is  similar  In  purpose  and  In  composition 
to  the  preceding  one  [149],  but  a  polyalkylene  glycol  Is  recommended  for  the 
second  component. 

The  Anglo-American  fire  "Castrol  Limited"  has  developed  and  supplied  the 
high-quality  oil  Castrol-98  and  Castrol- 3C,  intended  especially  for  the 
lubrication  of  TRD  and  TVD  main  hearings  and  gear  housings.  At  the  present 
time  these  oils  are  generally  recognized,  widely  employed,  and  therefore 
deserve  e  detailed  description. 

The  high-viscoaity  oil  Castrol-98  (viscosity  at  99°T  7.8  cs,  at  38'C 
36.1  cs,  at  -40*C  11,700  cs)  is  prepared  on  a  base  of  66Z  dlisoctyl  sebacate, 
and  28Z  polyglycol  ester;  the  remainder  consists  of  additives,  which  Improve 
itr  antioxidation  properties  (dloctyl  phenyltmine,  etc.),  lubricating 
capability  (calcium  sulfonate),  and  which  reduce  corrosive  effect,  etc.  This 
oil,  which  complies  with  e  DERO-248/  specification,  is  capable  of 
operation  to  a  temperature  of  approximately  lBO^C.  The  combination  of  a 
hlgh-qe.sllty  base  with  a  complex  of  effective  additives  provides  (according  to 
flrm'a  data)  an  extended  period  of  service  in  engines  (500  hr  and  above). 
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Castrol-98  oil  Is  widely  employed  In  such  gas  turbine  engines  as  the  Dart  (the 
aircraft  "Viscount,"  "Herald,"  "Coset, "  "Fokker  27,"  "Fairchild  27"),  the  Avon 
engine  (the  aircraft  "Conet ,"  "Caravelle") ,  the  Tyne  engine  (the  "Vanguard" 
aircraft),  the  Spey  engine  (the  "Trident"  aircraft),  etc. 

At  the  present  time  Castrol-98  oil  Is  used  by  15  airlines  In  France, 
Austria,  England,  Canada,  New  Zealand,  Morocco,  the  Sudan,  Tunisia  and  other 
countries.  This  oil  Is  supplied  with  the  designation  OX-88  to  England, 

France,  the  Federal  Republic  of  Germany,  India,  Italy,  Kuwait  and  the 
Netherlands  [150].  * 

Caatrol-3C  oil,  according  to  the  firm's  data,  Is  similar  to  Castrol-98, 
but  differs  from  It  bv  lower  viscosity  (at  99"C,  3.8  cs;  at  38*C,  15.3  cs;  and 
at  -40®C,  2140  cs).  The  base  Is  dllsoctyl  sebacate  (952);  the  additives  are 
the  same  as  for  Castrol-98  oil. 

Cestrol-3C  oil  is  .apable  of  operating  up  to  180-185‘C  and  compiles  with 
the  requirements  of  the  MIL-l-7808  specification.  It  is  employed  In  the 
engines  Avon  (the  "Carabelle"  aircraft),  Pratt  and  Whitney  .TT3D  (the 
"Boeing  720"  and  "Boeing  707"  aircraft),  Pratt  and  Whitney  JT8D  (the  aircraft 
"Boeing  727,"  "Douglas  DC-8"),  General  Electric  (the  "Convair  990,"  "Coron- 
aco")  etc.  According  to  reference  data,  this  same  firm  also  manufactures 
Castrol-205  (MI1-L-23699  specification),  intended  for  operation  at  temper¬ 
atures  up  lo  200-210‘C  [150];  this  pertains  to  oils  of  the  second  group. 

The  quality  of  Castrol-98  and  Castrol-3C  oils  Is  Investigated  according 
to  the  latest  methods  employed  abroad  for  these  purposes.  The  properties  of 
Castrol-98  and  Ca*trol-3C  oils  and  the  testing  methods  .re  shown  In 
Appendix  5. 

Oils  of  the  Third  Group 

The  search  is  being  carried  out  actively  abroad  for  products  which  will 
make  It  possible  to  obtain  thermally  stable  oils  which  make  up  the  third 
group.  We  shall  note  several  of  the  most  promising  of  these  products. 

In  order  to  obtain  thermally  stable  oils  It  has  been  proposed  [151]  to 
employ  esters  of  neopentyl  polyols  (esters  of  trimethylol  propane,  penta- 
erythrltol  and  other  similar  alcohols).  However,  with  good  blscoslty  proper- 
tie;:,  low  pour  points  and  satisfactory  lubricating  properties,  the  llult  of 
the  operating  capability  of  these  materials  does  not  exceed  200-220*C. 


Therefore,  oils  based  on  neopentyl  polyalcohols  must  be  regarded  as  high- 
quality  oils  of  the  second  group,  rather  than  as  oils  of  the  third  group. 
However,  these  oils  have  not  yet  been  exhaustively  Investigated. 

Poiyphenyl  esters  have  low  volatility,  low  toxicity,  cause  no  metal 
corrosion  and  are  hlghlv  stable.  Thus,  during  a  test  for  oxidation  corrosion 
at  31S°C,'  their  viscosity  did  not  increase  by  more  than  7%,  and  metal 
corrosion  was  practically  nonexistent.  In  lubricating  properties,  polypheny] 
esters  are  somewhat  better  than  petroleum  oils,  but  are  inferior  to  di-2- 
ethylhexyl  sebacate  in  the  temperature  range  100-200°C.  However,  at  316°C 
they  surpasa  diesters  Insofar  as  this  characteristic  is  concerned  [154].  The 
first  attempts  to  employ  these  as  lubricants  goes  back  to  1959.  At  the 
present  time  the  investigation  of  polyphenyl  esters  continues  [155]. 

High  molecular  weight  tatraalkylsllanes  are  being  investigated  as  basis 
for  high-temperature  lubricants.  These  silicones  differ  from  known  poly- 
slloxanes  in  that  their  alkyl  radicals  represent  a  long  hydrocarbon  chain,  and 
therefore  such  compounds  have  the  characteristics  of  paraffins. 

The  properties  of  dialky lsilane  cyclohexanes  [156],  dialkyl-di- 
dodecylsilanes  and  trialkyl-di-dodecylsilanes  [157]  have  been  carefully 
studied  in  recent  times. 

Tetraalkylsilane8  are  characterized  by  satisfactory  anti-wear  properties 
and  are  thermally  stable  to  approximately  370°C,  but  they  require  that  an 
inhibitor  be  added,  since  at  260"C  they  oxidize  after  a  period  of  24  hr  and 
may  leave  deposits. 

High- temperature  oils  prepared  on  a  base  of  silicone  fluoroesters  [158] 
deserve  attention.  These  oils  are  capable  of  withstanding  high  temperatures, 
pressures  and  radiation.  Silicone  fluoroesters  combine  the  merits  of 
silicones,  which  are  characterized  by  resistance  to  high  and  low  temperatures, 
and  to  chemically  corrosive  products,  and  fluorohydroesrbon  substances,  which 
are  distinguished  by  their  high  lubricating  properties.  They  are  resistant  to 
oxidation  up  to  260*C  and  preserve  fluidity  down  to  -54*C.  Oils  prepared  on  a 
base  of  these  compounds  satisfy  the  requirements  of  the  MIL-L-923iiB 
specification.  Fluorinated  esters  of  pyromllitic  and  camphoric  acids  which 
are  stable  up  to  320  and  285*0,  respectively,  satisfy  the  same  requirements. 
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according  to  a  raport  by  Ballard  and  Sommers  [159].  However,  the  pour  point 
of  these  esters  is  significantly  higher  (-32*0)  than  for  aebacic  acid  dieaters 
(-60*0). 

Various  ferrocene  derivatives,  urea,  heterocyclic  compounds  (derivatives 
of  borazene,  phosphorus  nitrile  chloride,  methylpyrazlne) ,  aromatic  amines, 
etc.  [52]. 

The  use  of  special  petroleum  oils  as  high-temperature  TRD  oils  is  quite 
promising  and  described  in  detail  belov. 

The  high-temperature  petroleum  oils  of  the  near  future  present  some 
Interest.  Up  until  the  present  time  it  has  been  believed  that  petroleum 
lubricants  in  engine  friction  points  and  mechanisms  at  high  temperatures 
(300-350*0)  were  not  suitable  in  connection  with  Insufficient  thermal 
oxidation  stability  and  high  vaporizabllity.  Research  in  recent  years  has 
revealed  the  error  of  this  view.  Thus,  it  has  been  pointed  out  [108]  that 
together  with  polvphenyl  esters,  halo  derivatives  of  carbons  and  silicons, 
several  hydrocarbons  possess  the  highest  thermal  stability,  in  particular, 
high-boiling  petroleum  oils  after  their  supplementary  processing  and  cleaning. 

Data  concerning  the  thermal  stability  of  various  organic  compounds  are 
shown  below  [108]: 


Decomposition 
temperature,  *C 


hydrocarbons  340-370 
organic  esters  230-290 
phosphoric  acid  esters  200-260 
polyglycol  esters  260-290 
polyslloxanes  315-370 
halo  derivatives  of  hydrocarbons  315-400 
polyphenyl  esters  425-480 
polybutylenes  230-260 
polymethylcrylates  2CO-230 


Therefore,  specific  petroleum  oils  and  their  fractions  may  also  be 
employed  together  with  petroleum  oils  in  the  lubrication  of  high-temperature 
TRD's.  A  complete  change  in  the  structure  of  such  oils  and  epeclal  cleaning 
methods  make  It  possible  to  obtain  petroleum  oils  which  in  thermal  oxidation 
stability  and  in  other  properties  surpass  synthetic  oils  baaed  on  dlesters. 
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The  influence  of  deep  cleaning  of  petroleum  oile  on  their  thermal 
oxidation  atability  ia  shown  in  Figure  43.  Oils  were  tested  for  oxidation  by 
passing  air  through  100  mi  of  oil  at  a  rate  of  5  1/hr  at  175*C  in  the  presence 
of  plates  of  copper,  iron,  aluminum  and  magnesium  f 108} . 


Figure  43.  The  Influence  of  the  deep  cleaning  of  petroleum  oil 
on  oil  oxidation  atability:  1,  Petroleum  oil  cleaned  as  usual 
and  with  oxidation  inhibitors;  2,  Deeply  cleaned  oils  with  dithio¬ 
urea;  3,  Synthetic  oil  according  to  the  MIL-1,-7808  specification 
with  phenthlazine 

Table  83  shows  data  concerning  the  tendency  of  synthetic  oils  (MIL-L-7^08 
specification)  and  deeply  cleaned  petroleum  oils  toward  coking. 

Table  83.  Cokability  of  Synthetic  and  Petroleun  Oils  at  High  Temperature 


Oil 

Cokability,  mjt/e 

at  315*C 

at  370'C 

synthetic  (MIL-L-7808  specification) 

30.0 

2100 

deep-cleaned  petroleum  oil 

200.0 

400 

From  the  data  in  Table  83  it  is  apparent  that  at  370*C,  synthetic  oils 
are  significantly  inferior  to  petroleum  oils.  Insofar  as  this  indicator  is 
concerned. 

Teats  for  thermal  oxidation  atability  and  corrosive  activity,  accompkda 
pllshed  for  a  24-hr  period  at  260’C  (Table  84) ,  revealed  that  intensively 
cleaned  petroleum  oils  are  more  resistant  to  the  effect  of  high  temperatures 
than  oil  based  on  dl-2-ethylhexyl  ester  of  sebatic  acid. 

As  a  result  of  deep  craning,  the  substances  v.antalnlng  nitrogen,  oxygen, 
sulfur,  as  well  as  low-stability  compounds  which  have  a  tendency  toward  the 
formation  of  deposits  and  other  products  of  oxidation  are  removed  from 


petroleua  oils.  In  addition,  such  cleaning  penults  obtaining  oils  with  a  high 
viscosity  Index. 


Table  64.  Corrosive  Activity  and  Acid  Nisaber  of  Deeply  Cleaned  Petroleua 

Oil  at  260*C 


Indicator 

Oil 

Synthetic 

MIL-L-7808 

Deeply  cleaned 
petroleum  oil 

2 

corrosion,  ng/m  ,  on  nstsls 

copper 

0.6 

1 

magnesium 

41.0 

)  o 

Iron 

1.5 

alualmmi 

0 

acid  ntmber,  mg  K0H/g 

6.1 

1.7 

Hydrogenation,  add  cleaning,  adsorption  cleaning  and  a  combination 
of  these  processes  are  employed  for  the  deep  cleaning  of  petrr.'.eua  oils.  Aa  a 
result  of  such  processing,  the  content  of  undesirable  polar  conponents. 
Insoluble  and  unstable  compounds  Is  changed. 

Hydrogenated  petroleua  oils  present  a  ereat  deal  of  Interest  as  a  base 
for  the  preparation  of  hlgh-taaperature  oils.  The  process  of  hydrofining  Is 
accomplished  with  catalysts  which  facilitate  the  saturation  of  aromatic 
hydrogen  rings,  and  the  splitting  of  cyclic  structural  rings  and  isomeriza¬ 
tion.  During  such  hydrorefining,  sulfur  Is  removed  from  the  thlophenlc  rings 
and  low-cyclic  compounds  of  Isomeric  structure  are  formed  vlth  a  high 
viscosity  Index.  Hydrorefined  oils  differ  from  oils  of  ordinary  solvent 
refining  by  a  higher  content  of  noncondcnsed  cycloalkanes  and  a  lower 
aromatic  hydrocarbon  content  (1.5  instead  of  11Z).  Therefore,  hydrorefined 
oils  have  better  thermal  oxidation  stability  and  better  compatibility  with 
antloxldatlon  additives.  Nonlnhlblted  hydrorefined  oil  Is  2-3  times  more 
stable  than  nonlnhlblted  selectively  refined  oil.  For  example,  the 
cokaollity  of  hydrorefined  oils  after  tests  on  a  panel  at  371*C  for  a  period 
of  8  hr  was  40-30  mg,  and  for  oil  refined  In  the  usual  manner,  90  mg. 

In  addition  to  hydrogenation  and  hydrocracking,  the  manufacture  of 
hlgh-taaperature  petroleua  oils  also  involves  the  polymerisation  of  olefins, 
the  alkylation  of  aromatic  hydrocarbons  and  the  isomerisation  of  paraffin 
hydrocarbons  which  permits  the  manufacture  of  oil  vlth  a  high  viscosity  Index 
In  a  low  pour  point  (160]. 
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In  connectirn  with  all  of  the  methods  described  above  for  the  chemical 
processing  of  oils,  various  supplementary  methods  for  their  physicochemical 
cleaning  are  also  employed  —  deep  dewaxing,  adsorption  cleaning  and  frac¬ 
tional  composition  compression. 

The  viscosity-temperature  properties  of  deeply  cleaned  petroleum  oils  are 
shown  in  Table  85,  and  data  concerning  their  compatibility  with  antioxidation 
additives  are  shown  in  Table  86. 


Table85.  Viscosity-Temperature  Properties  of  Oils  Obtained  by  Various 
Methods  of  Deep  Cleaning  of  the  Petroleum  Base 


Method  of  manufacture  or  cleaning 

Viscosity,  cs 

Viscosity 

of  oil 

at  98.9°C 

at  -40't 

index 

paraffin  hydrolsomerlzation 

3.31 

1,590 

139 

deeply  cleaned  and  deeply  dewaxed  oil 

4.05 

6,870 

U02 

olefin  polymerization 

6.23 

10,500 

>129 

Table  86.  Relative  Oxidation  Stability  of  Deeply  Cleaned  Petroleum  Oils 
with  an  Additive  (IX  by  weight)* 


Oil 

Additive 

Stability* 

paraffin 

phenyl -a-naphthylamine 

100 

paraffin 

di thiourea 

305 

naphthenic 

phenyl-a-naphthylamine 

100 

naphthenic 

dithiourea 

350 

hydrogenated  polyolefin 

pheny 1-a-naph  thy lam  ine 

260 

hydrogenated  polyolefin 

di thiourea 

240 

*  Oxidation  was  accomplished  according  to  the  method  specified  in  the 
MIL-L-7803  specification  in  the  presence  of  copper,  steel,  aluminum  and 
magnesium  catalysts.  The  oil  was  considered  to  be  stable  up  until  the  moment 
of  a  sharp  Increase  in  the  acid  number. 

Attention  ia  directed  to  the  high  effectiveness  of  the  sntioxidstion 
additive  baaed  on  ditniocarbamate  up  to  temperatures  of  the  order  of  260”C. 

At  higher  temperatures  dithiocarbsmate  breaks  down  with  the  formation  of  metal 
sulfide  which  is  insoluble  in  oil. 

Phenyl-a-n#ph thy lamina  is  also  rather  effective  in  deeply  cleaned  oils, 
but  It  is  less  stable  under  the  influence  of  light;  therefore,  the  oil  may 
show  traces  of  insoluble  sludge,  which  is  typical  for  a  number  of  nitrogen- 
containing  additives. 
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A  study  of  paraffins,  polyolefins  and  petroleum  oils  [161-172]  has 
revealed  that  the  basic  Influence  on  the  compatibility  of  the  base  oil  and  the 
antioxidation  additives  Is  the  content  in  them  of  polar  substances  and 
unsaturated  compounds.  The  chemical  group  compcsitlon  of  petroleum  oil:,  (the 
content  of  paraffins,  naphthenes  and  other  hydrocarbons)  has  lesr  influence  on 
the  additive  compatibility  than  the  ccr  -or.nds  indicated.  The  properties  of 
dewaxed  and  deeply  cleaned  oil  (MLO-2557  or  HLO-60-294  specifications) 
are  shown  below: 


kinematic  viscosity,  cs 


at  98.9‘C 

3.2 

at  37. 8* C 

14.4 

at  -40*C 

3,210 

at  -54*0 

22.900 

viscosity  index 

94 

vaporizabillty  at  204*C  for  6.3  hr,  Z 

59.2 

temperature,  C 

flash  point 

199 

pour  point 

-59 

decomposition  of  the  base  oil  without  additive 

357 

self-ignition  point 

390 

acid  nvxnber ,  mg  ROH/g 

0.001 

deposit  formation,  Z 

0.01 

molecular  weight  (calculated  from  boiling  point) 

328 

thermal  oxidation  stability  at  175’C  according  to 

requirements  of  the  M1L-L-7808  specification 

change  In  weight  of  metals,  og/oa^ 

i0-05 

viscosity  Increase,  Z 

14 

acid  number  increase,  mg  KOH/g 

1.2 

anti-wear  properties,  determined  on  four-ball 
friction  machine  at  175*C  for  1  hr  on  balls  of 

52-100  steel  at  a  speed  of  620  rpm 
diameter  of  the  wear  spot,  ma,  at  loads.  In  kg 

1 

0-16 

10 

0  22 

40 

0.50 

Other  methods  and  processes  are  described  in  the 

foreign  literature 

[173-187]  for  the  processing  of  the  pctroltum  base  (hydrodesulfurization  of 

separate  frectlona,  depolymerization  of  polyolsflnlc  oils  with  subsaquent 

vacuum  distillation,  etc.). 

The  results  of  Invest lgst ions  have  revea’ed  that 

under  high-tsaperatura 

operating  conditions,  not  only  msy  synthetic  lubricants  bs  employed,  but  also 

petrolaum  oils  say  be  used  which  have  been  subjected 

to  lattnslve  processing 

and  cleaning. 
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Due  to  the  plentiful  supply  and  the  relatively  low  coat  of  the  petroleian 
base,  high-temperature  lubricants  for  TRD's  manufactured  on  this  basis  are 
quite  promising  for  the  near  future. 


Prospective  Lubricants  for  Turbojet  Engines 


With  the  high-temperature  conditions  prevailing  in  the  friction  points  of 
the  TSD's  of  future  supersonic  aircraft  (450-550*C),  the  use  of  ordinary 
liquid  lubricants  of  organic  origin  is  not  considered  possible. 


In  this  connection  the  possibility  was  pointed  out  a  long  time  ago  in  the 
literature  of  using,  for  the  purposes  indicated,  solid  lubricants,  gases, 
molten  (liquid)  metals  and  other  substances.  Reports  concerning  the  develop¬ 
ment  and  testing  of  similar  lubricants  have  been  published  during  the  past 
10-15  years;  however,  there  is  no  available  published  information  concerning 
their  use  in  turbojet  aviation. 


The  first  active  work  in  this  area  relates  to  the  period  1950-1955. 


Beginning  in  1956  the  laboratory  of  the  "General  Electric"  firm  (in  the 
state  of  New  York,  USA),  while  working  on  the  design  of  bearings  and  lubric¬ 
ants,  undertook  the  study  of  "air"  bearings,  possessing  extremely  small 
amounts  of  friction.  Simultaneously  the  possibility  was  investigated  of 
employing  molten  metals  and  glass  as  bearing  lubricants  at  aircraft  speeds  of 
Mach  2.5  and  at  a  temperature  of  540* C.  Bearings  were  designed  which  were 
lubricated  with  liquid  metals,  acids,  gasoline  and  air.  A  great  deal  of 
attention  was  devoted  to  bearings  with  air  lubrication  [188]. 

The  large-scale  laboratory  of  the  "General  Electric"  firm  will  invest¬ 
igate  for  a  nimber  of  years  the  possibility  of  employing  air  bearings  for 
operation  under  very  high  and  very  low  temperature  conditions,  and  also  the 
use  of  lubricante  in  the  form  of  molten  mctels  and  glass  for  very  high  speeds 
and  pressures.  The  possibility  is  being  studied  of  using  glass,  which  has  a 
specific  malting  point,  and  which  in  the  molten  state  acts  in  a  manner  similar 
to  other  nonpolar  liquids  (1891.  different  grades  of  glass  in  the  liquid 
state  may  be  employed  as  lubricants  at  temperatures  up  to  6G0*C  under 
conditions  when  the  bearing  material  can  withstand  these  temperatures. 


In  order  to  avoid  metal  oxidation,  fuel  vapors  ere  delivered  to  the 
bearings;  however,  in  order  to  avoid  wear  it  is  better  to  spray  oil  into  the 
bearings. 


Molten  metals  uy  be  employed  m  lubricant*  at  high  temperature*  [190  J . 
For  this  purpose  metal*  and  their  alloys  with  a  low  melting  point  are 
suitable,  for  example,  sodium  and  calcium  alloys  (which  fuse  at  H^C)  or 
calcium  and  cesiias  (fuse  at  47*C).  Gallium,  Indium  and  thslr  alloys  na-'e  a 
great  deal  of  significance. 

Liquid  metals  possess  low  viscosity  and  a  flat  viscosity-temperature 
curve.  Almost  all  of  them  oxidize  In  air  with  the  formation  of  a  film  or  a 
powder,  and  therefore  must  operate  under  Inert  medium  condltiona,  for  example. 
In  a  nitrogen  atmosphere. 

Ar,  alloy  of  sodium  and  potassium  was  tested  In  steel  bearings  at  a 
temperature  of  120*C  and  with  a  shaft  speed  of  1750  rpm  In  an  atonic 
electrical  station  In  the  USA.  The  bearings  operated  satisfactorily  for  a 
period  of  5000  hr  with  radial  and  axial  loads  up  to  15  kg  [191]. 

Work  Is  being  accomplished  in  the  developsNnt  of  lubricants  [192]  which 
are  capable  of  operating  In  the  temperature  range  of  550-650*0. 

For  a  number  of  years  highly  effective  bearings  have  been  developed  in 
the  USA  [193];  the  operating  surfaces  of  the  bearings  ar*  separated  by  air  or 
by  other  gases. 

Dlchlorodlfluoromechane  and  other  gases  may  be  employed  as  lubricants  for 
engine  bearings  [194],  The  reaction  of  dichlorodlfluoromethane  with  the 
zurface  of  the  steel  forms  a  protective  chloride  film. 

Investigations  have  revealed  [195]  that  TRD  bearings  at  temperatures  up 
to  650*C  may  be  successfully  lubricated  with  a  mixture  of  halogen-containing 
gases,  for  example,  a  mixture  of  CF^BRj,  CF^Br,  SF^.  These  gases  signif¬ 
icantly  reduce  friction  and  wear  of  alloys  based  on  cobalt  and  nickel,  while 
forming  chloride  and  bromide  films  on  their  surfaces. 

Significant  attention  Is  being  devoted  abroad  to  solid  lubricants,  such 
as  graphite,  molybdenum  sulfide  and  molybdenum  disulfide  [194].  Graphite  and 
molybdenum  sulfide  gave  the  best  results  during  Investigations  In  the 
laboratory.  Both  of  these  substances  havp  high  lubricating  properties,  arc 
stabit'  up  to  600  and  400*0,  respectively;  and  the  graphite  film  has  a 
self-restoring  capability. 
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j  Molybdenum  sulfide  is  Che  most  interesting  and  effective.  It  possesses  a 

|  low  coefficient  of  friction,  which  decreases  with  an  Increase  in  the  load,  and 

I  is  stable  in  sir  up  to  450*0  in  a  vacuum  up  to  1000*0,  and  in  an  inert  gas 

medium  up  to  1300*0,  and  is  capable  of  operating  to  >135*0. 

Cases  involving  bearing  corrosion  and  wear  were  observed  during  the  use 
of  molybdenum  sulfide  [196].  The  corrosion  arose  as  a  result  of  the  infr¬ 
action  of  MoS^  vit.i  water  vapor;  as  a  result,  corrosion-promoting  acids  were 
formed. 

It  has  been  shown  [197]  that  at  400-450*0  molybdenum  sulfide  and  graphite 
are  oxidized  by  atmospheric  oxygen  and  lose  their  lubricating  properties. 

Boron  nitride  is  also  among  the  solid  lubricating  materials  with  high 
lubricating  properties.  This  substance  has  a  laminar  structure  and  provides 
for  a  low  coefficient  of  friction  of  rubbing  surfaces  at  high  temperatures  and 
pressures,  high  specific  loads,  in  a  vacuum,  etc.  [198]. 

It  is  believed  that  lead  oxide  is  the  best  solid  material  for  lubrication 
at  temperatures  to  540*C  [199].  Lead  oxide  tests  at  600*0  also  gave  good 
results.  The  upper  temperature  limit  of  lead  oxide  is  believed  to  be  870*0, 
above  which  the  oxide  disintegrates. 

Cadmium  oxide,  sodium  sulfate  and  cadmium  sulfide  [199]  also  possess  good 
lubricating  properties  up  to  540*0. 

It  has  been  noted  [200]  that  titanium  disulfide  and  titanium  trisulfide 
may  operate  as  lubricating  matei ials  in  the  form  of  pouders  up  to  1000*0  when 
there  are  no  conditions  which  generate  corrosion.  In  the  presence  of  such 
conditions  they  may  be  employed  in  the  form  of  liquid-dispersed  phases  up  to 
3*70*0.  It  is  believed  that  titanium  trlsulflde  is  oo'.e  effective  than 
graphite  and  molybdenum  disulfide. 

Notwithstanding  the  great  promise  of  gsseous  and  solid  lubricating 
materials,  they  are  still  not  employed  In  jet  aviation;  this  is  caused  by  the 
significant  technical  difficulties  which  arise  in  TRD  design. 

In  the  next  few  years  apparently  the  most  promising  hlgh-temperature 
lubricants  for  supersonic  TRD’s  of  the  future  will  be  lubricants  based  on 
fluorlnatud  silicones  of  the  alkylsilane  type,  the  properties  of  which  have 
been  examined  above. 
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Thi-s._&o©k  'describes  briefly  the  construction  and  principles  of 
operation  of  aviation  gas  turbine  engines,  their  assemblies  and 
friction  points,  and  also  the  oil  systems.  Operating  conditions 
of  lubricants  in  these  engines  are  discussed,  as  are  the  func¬ 
tions  of  oils  as  lubricating  materials,  the  functions  of  operat¬ 
ing  liquids  and  cooling  agents;  technical  specifications  required 
of  lubricants  are  discussed.  Questions  are  discussed  related 
to  the  assortment  and  quality  of  oils  currently  employed  for 
aviation  gas  turbine  engines  and  the  requirements  for  oils  of 
the  near  future.  Methods  are  described  for  obtaining  from  petro¬ 
leum  and  synthetics  high-quality  oils  which  possess  high  anti- 
oxidation,  viscosity-temperature,  anti-wear  and  other  properties. 
Information  is  presented  concerning  additives  which  improve  the 
operational  properties  of  oils  for  aviation  gas  turbine  engines. 
Domestic  and  foreign  methods  of  investigating  and  testing  oils 
under  laboratory  conditions,  and  also  in  special  stands  and 
devices  are  systematized  and  described. f  This  book  is  intended 
for  specialists  associated  with  the  construction  and  operation 
of  aviation  gas  turbine  engines,  for  petroleum  engineers  and 
chemists  who  are  involved  in  the  processing  and  preparation  of 
the  oils  indicated  and  additives  for  them. 
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